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W a t e r s h e d  Develop~ner i t  P r o  j c c t  
(Maheswararn) Pahad i s h a r i  f  , 
R . R . D i s t .  A . P  
F a c u l t y  : A g r i c u l t u r e  
U n i v e r s i t y  : Andhra  P r a d c s h  A g r i c u l  t.t~r.al Univc.r.:;i t y 
Year o f  s u b m i s s i o n  : 1 9 9 1  
The e x p e r i m e n t  was c o n d u c t e d  a t  ICRISAT C e n t e r  ( I n d i a )  
d u r i n g  1 9 9 0  r a i n y  s e a s o n .  The e x p e r i m e n t  was l a i d  o u t  i n  s p l i t  
p l o t  d e s i g n  w i t h  p l a n t i n g  p a t t e r n s  ( r a t i o s )  i n  t h e  main p l o t s  
a n d  c u l t i v a r s  o f  r i c e ,  s o y b e a n  o r  p i g e o n p e a  i n  t h e  s u b - p l o t s .  
I n  g e n e r a l  t h e  s e a s o n  was good and t h e  c r o p  s t a n d  o f  t h e  
s o l e  and  i n t e r c r o p  o f  r i c e  and  s o y b e a n  wcrc  f a i r l y  g o o d ,  b u t  
t h e  s t a n d  o f  t h e  s o l e  and t h e  i n t e r c r o p  p i g e o n p e a  were  low d u e  
t h e  w i l t  d i s e a s e .  The r i c e  c r o p  d i d  n o t  show a n y  s i g n i f i c a n t  
d i f f e r e n c e  be tween  t h e  s o l e  and t h e  i n t e r c r o p  i n  most  o f  t h e  
p a r a m e t e r s  t e s t e d ,  w h e r e a s  w i t h  s o y b e a n  a n d  t h e  p i g e o n p e a  
t h e r e  was a  s i g n i f i c a n t  d i f f e r e n c e  be tween  t h c .  s o l e  an11 t h c  
i n t e r c r o p  i n  most  o f  t h e  p a r a m e t e r s  t e s t e d .  
S o l e  a n d  j . n L e r c r o p  r i c e  had  al lnos1 s i rn i  I ; I I .  Lc'iif, s I  <.In, 
a n d  t , o t i l l  clry a l ; i l t . c . r s ,  i n c i i c : ; ~ l i n g  t .h ; i l  l ) l > ~ r ~ t i r ~ ; ;  I ) ; I I \ ~ ~ I , I I  ( \ i l l  
n o t  a f f e c t  t11e b i o m a s s  p r o d u c t i o n  o f  t h e  c r o p .  T h e  s o l ( -  
s o y b e a n  a n d  t h e  s o l e  p i g e o n p e a  p r o d u c e d  h i g h e r  d r y  r n a t t c r  t,harl 
t h a t  o f  t h e i r ,  r e s p e c t i v e  i n t e r c r o p s ,  bccause  o f  a h i g h e r  1,A1 
arid co r i seq~ . i c tn t ly  h i g h e r  l i g h t  j . n t e r c ~ z p t  i o n .  
Yic.l(l  o f  t h e  1 . ice  w a s  r c l a t i v c 2 l y  p o o r .  The s o l e  r i r o  ;:;lvca 
s l i g h t l y  h i g h e r  y i e l d  t h a n  t h e  i n t e r c r o p .  The  s o l e  s o y h e ; l r ~  a n d  
s o l e  p i g e o n p e a  a l s o  g a v e  h i g h e r  y i r 2 l d s  t h a n  t h e i r  respect+ i v c  
i n t e r c r o p s .  
1 r l t . e r c ropped  p igeonp t - a  i n  t h e  ( 3 : 1 ) r . r r t  lo g;ivc. 11 i c t ~ t - s t  
p a r t i a l  LKH ( 0 .  9 8 ) .  The  i n t e r c r o p  o f  r i c e  w i  L ~ I  1~ igeor1pc . r~  i l l  
t h e  ( 5 : l )  r a t i o  g a v e  h i g h e s t  t o t a l  L H R  ( I  . 5 3 )  i r ~ d i c t t t r n g  i l  
y i e l d  a d v a n t a g e  o f  ( 5 3 % )  o v e r  Lhe s o l e  c r o p .  
When cornpaping  r o o t  l e n g t h  o f  t h e  c r o p s ,  t-hc i n t . o r c r o p p e d  
r i c e  w i t h  s o y b e a n  g a v e  h i g h e s t  p a r t i a l  L E R  ( 0 . 9 8 ) .  T h e  
i n t e r c r o p  o f  r i c e  a n d  s o y b e a n  g a v e  a t o t a l  L E H  o f  ( 1 . 8 8 ) ,  




Upland rice, refers to rice directly seeded on both flat 
and sloping fields that are not bunded, and which depends on 
rainfall for moisture (De Datta and Vergara 1975). 
Upland rice is grown on three continents, mostly by small 
or subsistence farmers in the poorest regions of the world. 
Grain yields are generally low, ranging from 0.5 to 1.5 t ha-I 
in Asia; about 0.5 t ha-' in Africa; and from 1 to 4 t ha-' 
in Latin America. But the area planted in upland rice is so 
large (nearly a sixth of the world's total rice land) that 
even a small increase in yield will substantially influence 
total production. 
Upland rice is grown under a wide range of conditions 
from shifting cultivation in Malaysia, the Philippines, West 
Africa, and Peru, to highly mechanized systems in parts of 
Latin America. Soil types vary from infertile acid in West 
Africa to Oxisol in the Llanos Orientales region of south 
America to fertile acid soil from volcanic tuff in the 
Philippines to saline soil in the coastal areas of India. 
In India upland rice is usually raised during the kharif 
(wet) season under rainfed conditions in the highlands. Fields 
may or may not be bunded. Because of topography and high 
porosity, soils may be waterlogged for short periods of 2-3 
days. Upland rice is also called autumn rice because the crop 
is direct seeded under dry conditiorls in May-June u r ~ d  re111ains 
in the field until harvest in September to early October 
(Maurya and Vaish 1984). 
Upland rice is cultivated in areas with kharif rainfall 
ranging from less than 1000 to more than 2000 mm. In many 
areas the rainy season may be interrupted by a short dry 
spell, that can cause severe drought stress to upland rice. 
Land forms of upland rice growing areas vary from low lying 
valley bottoms (with occasional high water tables) to 
undulating and steep sloping lands with high runoff and 
lateral water movement. Upland rice is grown on deep soils 
of high water-holding capacity as well as shallow soils of 
low water-holding capacity (Oldeman 1 9 7 5 a ) .  
Moisture for sustained plant growth of upland rice 
depends on the distribution and amount of the rainfall. Daily 
rainfall is actually more critical than monthly or annual 
rainfall. High variability of rainfall distribution is 
indicated by the high coefficient of variation (60-100%) 
in most of India with the exception of the west coast, 
northeast region, and Assam. More than 75% of total 
rainfall occurs during June-September. The onset of the 
monsoon and its cessation varies in most areas (National 
Commission on Agriculture Report 1976). 
Improved technologies for upland rice have been given 
less attention compared to those of lowland rice. However, 
recently evolved management practices have shown 
considerable potential for increasing upland rice yields 
(Mahapatra 1987). 
One approach is to increase the intensity of cropping 
by intercropping with short season legumes. Many crops 
can be intercropped with upland rice, depending on the 
length of the growing period and farmer's preference, 
Investigations at the Central Rice Research Institute 
(CRRI), Cuttack, revealed that intercropping of legumes 
(green gram and groundnut), with upland rice resulted in 
increased yield, land equivalent ratio, and monetary returns 
per hectare compared to sole cropping of rice both under wet 
and drought conditions (Rao et a1 1982). 
In areas where sequence cropping is not feasible due 
to inadequate rainfall in months of October and November an 
intercropping of short duration rice with long duration 
pigeonpea (4 or 5 rows of rice followed by one row of 
pigeonpea) has been recommended, In this system, rice grows 
vigorously during the early stages and covers the land while 
pigeonpea grows at a relatively slower rate, Once rice 
is harvested, pigeonpea recovers rapidly to utilize the 
residual moisture and space left after rice. This ensure an 
optimal utilization of soil moisture at deeper depths and 
rabi (postrainy) rainfall (Natarajan and Willey 1979). 
Intercropping of upland rice and a legume crop is 
advuntageous because of b e t t e r  utilization of resources partly 
because of the difference in canopy formation and in rooting 
habit. Rice roots are mostly in the upper layers (30 c n l )  
whereas roots of some of the legumes can reach rip to inore than 
2 m, 
The objectives of our experiment were : 
a) To produce a full crop of upland rice and to 
select pigeonpea and soybean genotypes which are 
compatible with upland rice. 
b) To measure the light interception and root growth 
by upland rice and legume intercropping system. 
c) T o  identify the most renumerative and feasible 
intercropping system of upland rice. 
CHAPTER I1 
REVIEW OF LITERATURE 
2.1. ENVIRONMENTS OF UPLAND RICE 
2 . 1 . 1 .  R a i n f a l l :  
A v a i l a b i l i t y  o f  water i s  more u n c e r t a i n  f o r  u p l a n d  r i c e  
t h a n  f o r  l o w l a n d  r i c e  b e c a u s e  u p l a n d  f i e l d s  a r e  n o t  bunded o r  
i r r i g a t e d .  Because  u p l a n d  r i c e  d e p e n d s  e n t i r e l y  on  r a i n f a l l  
f o r  i t s  m o i s t u r e  s u p p l y ,  b o t h  t l lc  ctr~~ou~lt .  urltf c l i s L r i  bul,iurl o f  
r a i n f a l l  a r e  i m p o r t a n t  ( J a n a  and  De D a t t a  1971 ) .  U s u a l l y  t h e  
l o w e r  t h e  r a i n f a l l  d u r i n g  t h e  g rowing  s e a s o n ,  t h e  l o w e r  is t h e  
g r a i n  y i e l d  o f  u p l a n d  r i c e  ( J a n a  a n d  De D a t t a  1 9 7 1 ) .  
D i s t r i b u t i o n  o f  r a i n f a l l  i s  a l s o  a  m a j o r  i n f l u e n c e  on y i e l d s ,  
e v e n  i n  areas w i t h  h i g h  r a i n f a l l  o f  2 , 0 0 0  mm a n n u a l  r a i n f a l l  
( J a n a  and De D a t t a  1 9 7 1 ;  De D a t t a  e t  al. 1 9 7 4 a ) .  
I n  I n d i a  u p l a n d  r i c e  i s  g r o w n  u n d e r  a r e a s  o f  h e a v y  
r a i n f a l l  i n  Assam, West B e n g a l ,  and a l o n g  t h e  c o a s t a l  
areas o f  K e r a l a .  I t  grows u n d e r  low r a i n f a l l  c o n d i t i o n s  i n  
Madhya P r a d e s h .  The g rowing  s e a s o n  i s  e x t r e m e l y  s h o r t  and  
r a i n f a l l  is h i g h l y  v a r i a b l e  i n  e a s t e r n  U t t a r  P r a d e s h ,  The 
u p l a n d  a r e a s  o f  B a n g l a d e s h  are similar t o  t h o s e  o f  e a s t e r n  
I n d i a .  
I n  u p l a n d  r i c e  a r e a s  o f  n o r t h e r n  S r i  Lanka,  875  t o  1 , 0 0 0  
mm p r e c i p i t a t i o n  i s  r e c e i v e d  i n  a s h o r t  p e r i o d  o f  3 t o  4 
m o n t h s .  I n  u p l a n d  a r e a s  o f  B u r m a ,  r a i n f a l l  f r o m  May t o  
November c a n  be  as low as 500 mm o r  as h i g h  as 2 , 0 0 0  mm ( D e  
Datta and Vergara 1975). 
In areas where the rainy season is very short and the 
rainfall is unevenly distributed like the eastern regions 
of Indonesia, varieties with growth duration of 90 to 135 days 
are highly desirable (De Datta and Vergara 1975). 
In the Philippines the average yield of 0.66 t ha-' of 
upland rice were obtained in the low rainfall areas, where 
rainfall is well distributed but with a maximum period of 
period of 4 to 5 months. Average yields of lipland rice reach 
1.1 t ha-' in high rainfall areas where rainfall is evenly 
distributed throughout the season, but with 3 dry months (De 
Datta 1974b). 
In Western Africa the rainy season may be continuous, or 
it may be interrupted, depending on the latitude but rain 
usually begins from March to July. Rainfall distribution is 
unimodal (having one peak) in areas with short rainy seasons, 
but in areas with long rainy seasons it is bimodal (having 
two ~eaks) in areas with a 1-2 month break from July to 
August. The region of bimodal rainfall includes south- 
eastern Ivory Coast, southern Ghana, southern Togo and 
Benin, and southern Nigeria, up to a maximum latitude of   ON. 
Less important areas of bimodal distribution include south- 
eastern Guinea and northern Liberia (FA0 Inventory Mission 
1970 1 .  
Considering the rainfall amount and distribution there is 
a need to develop varieties with wide ranges of maturity and 
develop cultural practices that suit the rainfall distribution 
patterns, 
For Latin America, Brown (1969) reported that 1,000 niln of 
annual rainfall, with 200 mm monthly rainfall during the 
growing season, is adequate for growing upland rice. 
Brazil which has by far, the largest upland rice area 
in Latin America, has rainfall ranging from 1,300 to 1,800 mm; 
70 to 80 percent of the rain falls during the upland rice 
growing season (de Souza 1973). 
Rainfall in Peru ranges from 2,000 to 4,000 ntm nnnuully, 
far more than enough to grow one upland rice crop (Stinctiez 
1972), Kawano et a l .  (1972) reported yields of more than 4 
t ha-' in Peru's Amazon basin, with rainfall averaging 200 
mm month-', during the growing season. 
The daily rainfall is actually more critical than the 
monthly or annual rainfall. Moisture stress can damage or even 
kill plants in area which receives as much as 200 mm of 
rainfall in one day, and then receives no rainfall for the 
next 20 days. A precipitation of 100 mm month-', distributed 
evenly, is preferable to 200 mm month-' which falls in 2 or 3 
days (De Datta and Vergara 1975). 
Tropical cyclones (typhoons and hurricanes) usually occur 
during the monsoon season, when upland rice is planted. The 
strong winds may cause lodging in upland rice areas of the 
northern Philippines, south east Vietnam, Burma, and some 
p a r t s  o f  I n d i a .  
2 . 1 . 2 .  S o i l s  o f  u p l a n d  r i c e :  
Upland r i c e  s o i l s  d i f f e r  i n  t h e i r  n a t u r e ,  s o i l  t e x t u r e  
v a r i e s  f rom s a n d  t o  c l a y ;  pH v a r i e s  f rom 3 t o  1 0 ;  o r g a n i c  
m a t t e r  c o n t e n t  v a r i e s  f rom 1 t o  50 p e r c e n t ;  s a l t  c o n t e n t  f o r  
a l m o s t  0  t o  1 p e r c e n t ;  and n u t r i e n t  a v a i l a b i l i t y ,  f rom a c u t e  
d e f i c i e n c y  t o  s u r p l u s  (Ponnamperuma a n d  C a s t r o  1 9 7 2 ) .  
S o i l  t e x t u r e  i s  o n e  o f  t h e  most  i m p o r t a n t  f a c t o r s  which  
a f f e c t  u p l a n d  r i c e  g r o w t h  when m o i s t u r e  and mi r l e ra l  n u t r i e n t s  
a r e  i n  a d e q u a t e  a m o u n t s  (Moorman a n d  D u d a l  1 9 6 5 ) ,  S o i l  
t e x t u r e  a f f e c t s  t h e  m o i s t u r e  s t a t u s  o f  t h e  s o i l  a n d  i s  
p a r t i c u l a r l y  i m p o r t a n t  i n  u p l a n d  r i c e  f i e l d s  which hrrve no 
b u n d s  t o  h o l d  m o i s t u r e .  
The t e x t u r a l  p r o f i l e  i n c l u d e s  n o t  o n l y  t h e  s u r f a c e  l a y e r s  
b u t  a l s o  t h e  l a y e r s  be low.  I f  t h e  s u b - s o i l  h a s  s u f f i c i e n t  c l a y  
c o n t e n t ,  t h e  i m p o r t a n c e  o f  t h e  s u r f a c e  s o i l  t e x t u r e  
d i m i n i s h e s .  I n  a  c l a y e y  p r o f i l e ,  a  s u r f a c e  h o r i z o n  t h a t  i s  o f  
medium t e x t u r e  may be  t h e  most  f a v o r a b l e  r i c e  s o i l ,  p o s s i b l y  
b e c a u s e  o f  g r e a t e r  p o r e  s p a c e  ( G r a n t  1 9 6 0 ) .  A s u r f a c e  s o i l  
o f  medium t e x t u r e  c a n  a l s o  b e  e a s i l y  worked .  L e s s  w a t e r  i s  
n e c e s s a r y  f o r  i n i t i a l  r i c e  g r o w t h  b e c a u s e  l e s s  w a t e r  i s  l o s t  
t h r o u g h  c r a c k s  t h a n  f r o m  a s o i l  w i t h  a c l a y e y  s u r f a c e  ( D e  
Datta and  F e u e r  1 9 7 5 ) .  Hydromorphic  s o i l s  ( s o i l s  i n  which  
g r o u n d  w a t e r  i s  s h a l l o w  o r  a t  t h e  s u r f a c e  d u r i n g  t h e  g r o w t h  
c y c l e )  a r e  c o n s i d e r e d  s u i t a b l e  f o r  u p l a n d  r i c e .  R e s e a r c h  
a t  t h e  I n t e r n a t i o n a l  I n s t i t u t e  o f  T r o p i c a l  A g r i c u l t u r e  shows 
a marked c o r r e l a t i o n  b e t w e e n  t h e  d e p t h  o f  g r o u n d  w a t e r  a n d  
t h e  g r o w t h  a n d  p r o d u c t i o n  o f  u p l a n d  r i ce  (Moorman 1 9 7 3 ) .  OSG, 
a n  u p l a n d  v a r i e t y  f rom West A f r i c a ,  was more t o l e r a n t  o f  
d r o u g h t  t h a n  was I R 2 0  when t h e  d e p t h  o f  g r o u n d  water was a b o u t  
80 cm. 
Moorman a n d  Dudal ( 1 9 6 5 )  a n d  H i g g i n s  ( 1 9 6 4 )  a l s o  f o u n d  
s a t i s f a c t o r y  c o r r e l a t i o n s  b e t w e e n  y i e l d  l e v e l s  a n d  t e x t u r e s  o f  
t h e  s o i l  i n  n o r t h e r n  N i g e r i a ;  c o a r s e  t e x t u r e d  s o i l s  p r o d u c e d  
t h e  l o w e s t  y i e l d s ,  
Upland r i c e  s o i l s  v a r y  i n  t h e i r  t e x t u r e s .  F o r  e x a m p l e ,  
loamy a n d  s a n d y  s o i l s  a r e  t y p i c a l  o f  t h e  s l i g h t l y  e l e v a t e d  
a r e a s  o f  T h a i l a n d ' s  f o o t h i l l s  and  f l a t  l a n d s ,  b u t  most  u p l a n d  
r i c e  i n  t h e  h i l l s  is c u l t i v a t e d  on  c l a y e y  and  c l a y  loam s o i l s  
( B r a d y  1 9 7 4 ) .  I n  B a t a n g a s ,  P h i l i p p i n e s ,  where  u p l a n d  r i ce  i s  
grown i n  a l f i s o l s ,  t h e  s o i l  t e x t u r e  v a r i e s  f rom c l a y  loam t o  
loam ( B u o l  e t  a l .  1 9 7 3 ) .  
S o i l  s u r f a c e  s t r u c t u r e s  may d e v e l o p  u n d e r  d r y  c o n d i t i o n s ,  
d e p e n d i n g  on  t h e  s o i l  t e x t u r e  and  t h e  n a t u r e  o f  c l a y  m i n e r a l s  
f o u n d  i n  t h e  s o i l .  The s u r f a c e  s t r u c t u r e  o f  d r y  s a n d y  s o i l s  
i s  u s u a l l y  weak a n d  c r u m b l y ,  a n d  t h a t  o f  m e d i u m - t e x t u r e d  
s o i l s  may be s l i g h t l y  more c r u m b l y  o r  g r a n u l a r .  P o l y g o n a l  
c r a c k s  may form upon d r y i n g  o f  s o i l s  wh ich  h a v e  s u f f i c i e n t  
c l a y  o f  t h e  s h r i n k i n g - s w e l l i n g  t y p e s .  T h e  c r u m b l y  a n d  
g r a n u l a r  s t r u c t u r e s  a r e  common i n  u p l a n d  r i c e  s o i l s ,  a l t h o u g h  
t h e  h i g h e s t  y i e l d s  a r e  g e n e r a l l y  o b t a i n e d  on  c l a y e y  s o i l s  
( A u b e r t  a n d  T a v e r n i e r  1 9 7 2 ;  U n i t e d  S t a t e s  D e p a r t m e n t  o f  
Agriculture 1967). 
Oxisols cover minor upland rice areas in South-East Asia. 
They are found in the lower areas in Sarawak, Malaysia, the 
mountainous Ban Me Thuot area of South Vietnam (Tung 1973). 
The soil is acidic in many upland rice areas of 
Southeast Asia. Ultisols are much more common in Sumatra and 
Kalimantan, Indonesia and in Thailand. Alf isols are more 
common in very dry zones and developed from base materials, 
on geomorphically young landscapes (United States Department 
of Agriculture 1966). 
In West Africa, both the cupctcity of the soil to h o l d  
water and rainfall distribution help determine the success or 
failure of upland rice. Most upland rice soils in West 
Africa have low capacities to hold available water, so even 
short period of dry spells reduce grain yields. Some 
upland rice varieties can withstand such dry spells, although 
prolonged drought would kill the plants or cause low yields 
(Moorman 1973). 
In case of lower slopes, the land forms offer better 
edaphic conditions for growing rice. In the dryer parts of 
West Africa, these may be the only areas suitable for rainfed 
rice culture (Moorman 1973). The small quantities of water 
from runoff, however, can seldom avert moisture stress damage 
to the rice crop during prolonged drought. 
Soil structure helps determine a soils capacity to hold 
moisture, as well as the plant's capacity t,o develop roots. 
Soils which are prepared dry do not lose their structure. 
2 .2 .  YIELD POTENTIAL AND ITS COMPONENTS 
Several seasons of testing on well-drained upland fields 
at International Rice Research Institute (IRRI), Los Uanos, 
Philippines have shown that the average yields of traditional 
upland varieties, are limited to about 3 t ha-', while 
short-statured lowland varieties, such as IR8, IR5 can often 
produce yields slightly more than 4 t ha" (Chang et al. 
1972; IRRI 1972, 1973). Under the most favorable c3i1nciti.c 
and soil conditions in the Philippines, about 4 t ha-' 
seems to be the upper limit for most traditional upland 
varieties, while IRRI varieties may yield nearly 7 t ha-' with 
high rates of nitrogen ( Jana and De Datta 1971; De Datta and 
Beachell 1972; IRRI 1973, 1974). Similarly semidwarfs grown 
under upland conditions in the Peruvian jungle have produced 
up to 6 t ha-' in seasons of heavy rainfall with high 
fertilization (Kawano et a l .  1972). 
Under drought conditions, however, all rice varieties 
yield poorly despite heavy fertilization and effective weed 
control (Jana and De Datta 1971; IRRI 1971, 1972, 1973). So, 
absolute grain yields reflect some degree of drought 
avoidance more than drought tolerance, particularly if the 
crop is harvested before water stress ends (Levitt 1972). 
But when drought ends before harvest, grain yield depends 
more  o n  t h e  a b i l i t y  t o  r e c o v e r  f r o m  d r o u g h t .  
The low t i l l e r i n g  c a p a c i t y  o f  mos t  u ~ ~ l a n d  v d r . l u t , ~ e s  i s  
t h e ) m a i n  r e s t r a i n t  t o  h i g h e r  y i e l d s  ( I R R I  1 9 7 1 ;  Ono 1 9 7 1 ;  J a n n  
a n d  D e  Dat ta  1 9 7 1 ;  A b i f a r i n  e t  a l .  1 9 7 2 ;  Chang ct ~ 1 . 1 9 7 2 ;  D e  
Datta a n d  B e a c h a l l  1 9 7 2 ;  Kawano e t  a l .  1 9 7 2 ) .  Uut t11e u l ) lu t i t l  
v a r i e t i e s  p r o d u c e  h e a v y  p a n i c l e s  o f  w e l l - f i l l e d  g r s i i l n  1 r 1  
s p i t e  o f  d r o u g h t  ( J a n a  and  D e  D a t t a  1 9 7 1 ;  I R H I  1 9 7 3 ;  Char lg  
e t  al. 1 9 7 4 ) .  Y i e l d s  o f  J a p a n e s e  u p l a n d  v a r i e t i e s  tire t i l s o  
low b e c a u s e  o f  t h e i r  t a l l  s t a t u r e  and  s u s c e p t i b i l i t , y  t.o 
l o d g i n g  ( O n o  1 9 7 1 ) ,  a n d  d i s e a s e s  l i k e  s h e a t h  b l i g h t . ,  
H e l m i n t h o s v o r i u r n  l e a f  s p o t ,  and  s t e m  n iaggo t s .  
H i g h  t i l l e r i n g  c a p a c i t y  i s  a d e s i r a b l e  f e n t , t t r ( >  t o  
i n c r e a s e  t h e  y i e l d  p o t e n t i a l  o f  u p l a n d  v a r i e t i e s .  T r i a l s  i r ~  
N i g e r i a  ( I I T A  1 9 7 3 ) ,  P e r u  (Kawar io  e t  al. 1 9 7 2 ) ,  and t h e  
P h i l i p p i n e s  ( J a n a  a n d  De D a t t a  1 9 7 1 ;  De D a t t a  and  B e a c h t i l l  
1 9 7 2 ;  I R R I  1 9 7 4 )  g e n e r a l l y  i n d i c a t e  t h a t  when  r a i n f a l l  i s  
p l e n t i f u l  a n d  s o i l  h a s  good w a t e r - h o l d i n g  c a p a c i t y ,  t h e  h i g h  
t i l l e r i n g  a n d  s h o r t  s t a t u r e d  v a r i e t i e s  d e f i n i t e l y  ~ . e s p o n d  
b e t t e r  t o  n i t r o g e n ,  g i v i n g  h i g h e r  y i e l d  t h a n  t h e  t a l l e r  
t y p e s .  
T i l l e r  n u m b e r  a n d  p a n i c l e  n u m b e r  a r e  p o s i t i v e l y  a n d  
c l o s e l y  c o r r e l a t e d .  A h i g h  p a n i c l e  number ,  s u c h  as is  fourid 
among s e m i d w a r f s ,  i s  d e s i r a b l e  f o r  h i g h  y i e l d s .  On t h e  o t h e r  
h a n d ,  t h e  m o d e r a t e  p a n i c l e  number o f  t h e  t r a d i t i o n a l  u p l a n d  
v a r i e t i e s  may b e  p a r t i a l l y  c o m p e n s a t e d  b y  t h e  h i g h e r  number  o f  
h e a v y  g r a i n s  o n  e a c h  p a n i c l e .  
Late tillering should be ctvoicletl i l l  1 i*ic.c, 
because plants that tiller late produce slnall pctniclt's or 
ndne at all leading to inefficient us,: of soil n~oistu~-e ( D c  
Datta and Beachall 1972). 
Although high tillerirrg capacity is t ht~ print ipril nlt.iiris 
to higher yield potential, a balance between stioot grout t r  rirrri 
root development is essential for tolerurlcc to ~)i.olongc:d 
drought, 
2.3. CONCEPTS OF INTERCROPPING 
Intercropping can be deflrittd iis the. growrng of t.wo or* 
more crops simultaneously in the siiole area of land (Willey 
1979). It has only recently been shown to more efficient than 
the sole crops in exploiting the natural resources such as 
light and water. 
There are several benefits of intercropping uplu~rd rice. 
Kass ( 1 9 7 6 ) ,  summarized the following advantages of 
intercropping, which he described as simultaneous polyculture: 
- reduces insect pest and disease incidence, 
- is adapted to local environmental variability, 
- is adapted to crop-specific light requirements, 
- provides a continuous and varied supply of fresh food, 
- provides good soil cover, 
- reduces labor for land preparation and generally 
provides for economic labor use, 
- provides agronomic benefits likc. ~ . t . d u c t . d  lodgi~~g 
and improved stand establishmel~t, 
- associated crops may tole r a  tt> d roug t r  t bvtt car.  t . 1 1 ~ ~ 1 1  
pure stands, 
- uses land more effectively tht~rr single crol,l)ing, 
- reduces intraplant competition, a n d  
- increases yield stability. 
Addit ionally, if animals rirc used i r i  tt~c: syst.c.~~~, 
intercroppi ng may provide ti  slorca t)iil '~r~cctd r~rid uri i l'or.~~~ :io\r 
of feed (University of the Philippines at L o u  B~rlos (1J1)I1I1) 
1 9 7 7 ) .  
Yield stability across sertsorls is t,hc most. i~~~l)o~-t~ir~t 
reason for the wide populari ty of intercroppirig i ri subs i vtcnce  
or near-subsistence agriculture (Willey 1 9 7 9 ) ;  if one crop 
fails or grows poorly, the component crcp or crops compensate 
for lost yield. With a stable intercrop, yield in a giver1 
season, field, and with certain level of murragcment, curl be 
reliably predicted. 
Another advantage of intercropping is increased 
productivity of complementary component crops. Well designed 
intercropping combines component crops t h a t  use growth 
resources more fully than would single crops. Intercrop 
competition is less usually than intracrop competition 
(Willey 1 9 7 9 ) .  
There are two kinds of intercrop complementarity. 
Temporal complementarity is when growth patterns of 
I C I . O ~ ) S  t ~ i t \  t .  1 1  I I . ~ . , , I I L ~  I . , ' < '  I I I I  . i t  
d i f f e r e n t  t i rne,  1iic.c. t iilrci~c. I I . ~ \ ~ c .  ~ C ~ I I I ~ I O ~ . ~ ~ ~  C . C I I I I ~ I ~ C ~ I I I ~ . ~ I -  
t a r i  t y  . Ea1.1 y n ~ n i z e  n ~ a t u r e s  i n  7 5 - 9 0  d t t y s  ; I I I ~  ~.ic-c: t ;tl;es 
1 2 0 - 1 5 0  days, 
Spot.ii11 c o m p l e m e n t a r i  t.y i s  w i l c - r i  r o lnb  ir~c.cl 1 t . > ~ t S  c , i t 1 1 0 1 1 > '  
m a k e s  t h e  L e s t  u s e  o f  v c i t c A ~ .  i ~ r t c i  r l r l t  i . i t S r r t  s .  ' S t ~ i : ;  
c o m p l c ~ i ~ e n t a r i  t y  i s  l e s s  t111c i t~ t . s t . 0011  C k ~ a r ~  1 1 r 1 c l  I n i iy  
impossible t o  d i f f e r e n t  i i i t e  f  r c ~ r n  t.clr~l)or;tl C U I I I ~ ) ~ C ~ I I I ~ - I I ~  it1.i t y  
( W i l l c y  1 9 7 9 ) .  
W i l l e y  ( 1 9 7 9 )  r e v i e w e d  t h e  r e a s o n s  f o r  y i c l d  i~clv, t r~t . t igcs 
i n  i n t e r c r o p p i n g  and f o ~ ~ r i d  t i~i i l .  i r~ t t* r . c . r . o l ) j )~  I I G  I I I ~ ~ X I I I I ~  zt~cl 
u s e  o f  n a t u r a l  r e s o u r c e s  s u c h  as 1 i g h t ,  wiitc-I., 11r1c1 r ~ u t , r ~ t ~ r ~ t  :-, . 
S o m e t i m e s ,  co rnponrn t  c r o p s  muy b e n c f i  t f'ron~ t t i?  rri t ~ . o g c r ~  
f i x e d  by a c o m p a n i o n  l egume  c r o p .  
I n t e r c r o p p i n g  s t u d i e s ,  [Andrews  ( 1 9 7 2 ) ;  Harwood ( 1 9 7 4 ) ;  
Rao  ( 1 9 8 4 ) ;  a n d  K r a n t z  et a l .  1 1 9 7 6 )  I ,  g e n e r a l l y  i r ~ d i c u t e  
s u b s t a n t i a l  ( 50% o r  m o r e )  y i e l d  a d v a n t a g e  f r o n ~  v a r i o u s  
c o m b i n a t i o n s  o f  a l t e r n a t i v e  row i n t e r c r o p p i n g  o v e r  t h o s e  o f  
two  s e p a r a t e  s o l e  c r o p  c u l t u r e s .  T h e  y i e l d  a d v e n t c i g e s  f r o m  
i n t e r c r o p s  r e s u l t e d  f r o m  a n  e f f i c i e n t  u s e  o f  a v a i l a b l e  
m o i s t u r e ,  s o l a r  e n e r g y ,  n u t r i e n t s ,  a n d  s p a c e  a n d  a l s o  f r o m  
t h e  p o s s i b i l i t y  o f  i n c r e a s i n g  t h e  t o t a l  p o p u l a t i o n  p e r  u n i t  
a r e a  o f  t h e  c r o p s  i n v o l v e d  ( O s i r u  a n d  W i l l e y  1 9 7 2 ;  
V e n k a t e s w a r l u  1 9 7 7 ) .  S i n c e  i n t e r c r o p p i n g  s y s t e m  p r o v i d e s  a 
more  c o m p l e t e  c a n o p y ,  e i t h e r  i n  s p a c e  o r  i n  time t h a n  
s o l e  c r o p p i n g  t h e  w e e d s  a r e  b e t t e r  c o n t r o l l e d  (Moody 1 9 7 8 ;  
Rao a n d  S h e t t  y 19'76 ) . 111 n i c l r~y  i r i s t c ~ n c c ? s  ~ l t * s t  i t r i t l  (I i sc.tr:;c*:.  
a r e  b e t t e r  c o n t r o l l e d  i l l  i r ~ t  c.r.(.r.ol'l)i rig ( A  i~ < . I .  I !),I!) ; I ~ < I I I ~ . J . L  
1 9 7 7 ;  a n d  A l t e r i  e t  i l l  1 9 7 8 ) .  Higher .  a n d  111c>rc. ~ l ~ . p t . r ~ t i i ~ \ ) l t .  l ~ t ~ ~ '  
h e c t a r e  g r o s s  r e t u r r ~ s  f rorn i I ~ I  t l i ; r r i  s o l a n  ( : I . ( ~ ] ) S  
we re  r e p o r t e d  b y  M r i t  h c ~ r  ( l!l t i3 ) ; N ~ > I . I I I : I I I  ( 1 9 7 . 1  ) ; N ~ I . I I I ~ ~ I I  i111c1  
P r y o r  ( 1 9 7 8  ) , I n t  ckt.cropl) i ng  c - o ~ ~  l t i  t.ri!;ri I-c, ;I g~.c.trt  I, I. : L I \ ( ~  rncll.ci 
e v e n  s p r e a d  o f  l r ibour-  I I I ~ I I I I ~ .  ( Hat.11111. 1 . O I  t1t.1. 
p o s s i b l e  c a u s e s  o f  y i e l d  n d v a n t c i g c s  may t)c i m p o r t t ~ n  t i n  
c e r t a i n  s i t i 1 a t . i o n s  1 i k e  one o f  t i le  c . rops  I I I ~ I ~  I ) I -O \ '  itit. l 'tiy:; i t ' c ~ l  
s u p p o r t  f o r  a n o t h e r  ( A i y e r  1 9 4 9 ) .  Or)+? Intiy 1 ) r . u v i d t .  
s f i e l t e r  f o r  a n o t h e r  (Ruthke I S ~ I I  1 9 7 5 ) ,  o r  t~ 
more c o n t i n u o u s  l e a f  c o v e r  may g i v r  bt:tt.er- ) ) r o t  c.c:t. i o r ~  t r k : t t  I r ~ s t .  
e r o s i o r ~  ( D e n n i s o n  1956  ; Sidtlowuy i ~ r i f l  13or111c.t t. I ! ) ' /T I  ) . 
I t  i s  i m p o r t a n t  t h a t  t h e  prztk pc.rloc3 of' kx-c)wtli o f  the. 
two c r o p s  s h o u l d  n o t  c o i n c i d t . .  C r o p s  o f  vcir.ylng 111 i~ t .u r1 ty  
durations n e e d  t o  be c h o s e n  s o  t h a t  H (111 ~ r k  n1~it.tcr.1ng c r o p  
c o m p l e t e s  i t s  l l f e  c y c l e  b e f o r e  t h e  s t a r t  of' gr t ind I w r i o d  
o f  g r o w t h  o f  t h e  o t h e r  c r o p  ( S a x e n a  1 9 7 2 ) .  
I t  mus t  be a l s o  be a p p r e c i a t e d  t h a t  there crin be sorlie 
d i s a d v a n t a g e s  o f  i n t e r c r o p p i n g .  T h e s e  can take t.he form o f  a 
y i e l d  d e c r e a s e  b e c a u s e  o f  a d v e r s e  c o m p e t  i t  i o n  e f  f c c t s  
( A h l g r e n a d  a n d  A a m o d t  1 9 3 9 ;  D o n a l d  1 9 6 3 ;  R i s s e r  1 9 6 9 ) ,  
a l t h o u g h  s u c h  e f f e c t s  a r e  l i k e l y  t o  b e  r a r e .  A more s e r i o u s  
d i s a d v a n t a g e s  i s  o f t e n  t h o u g h t  t o  b e  t h e  d i f f i c u l t i e s  
c o n c e r n e d  w i t h  p r a c t i c a l  m a n a g e m e n t  o f  i n t e r c r o p p i n g ,  
e s p e c i a l l y  w h e r e  t h e r e  is a h i g h  d e g r e e  o f  m e c h a n i z a t i o n  o r  
t h e  componen t  c r o p s  h a v e  d i f f e r e n t i a l  i n p u t  r e q u i r e m e n t  l i k e  
f e r t i l i z e r s ,  I l e r b i c i d c s  i111d ptbst i c i c l c>s .  ' I ' 1 1 c ~ ~ ; c ~  ( 1  I t ' f i ( . \ 1 1  t i t s : ;  
are t y p i c a l l y  a s s o c i a t e d  w i t 1 1  more d t . \ , e luped  r igr ic .u l  t (11.t.. 
, 
2 . 3 . 1 .  E v a l u a t i n g  i n t e r c r o p v i u :  
The  p r o d u c t i v i t y  o f  i n t  cr-cro1)1)ir lg r . t i r l  ibc> t S v t t l  ~ i ; t t . f * d  
by b i o l o g i c a l  y i e l d ,  e c o n o m i c  y i c l c i ,  lclnd c % r l t r  ivalt'11t r11t 1 0  
( LER) , c r o p  p e r f o r m a n c e  r a t i o  ( CI'R ) , s t  I i I , o r  
l a b o r  a n d  c a s h  r e t u r n / t t n i  t a r e t i ,  W i l  1c.y ( 1 9 7 9 )  gcivcb t til.<.t. 
b a s i c  c r i t e r i a  f o r  a s s c s s i r ~ g  y i e l d  i ~ t i  i 11 
i n t e r c r o p p i n g .  
o I n t e r c r o p p i n g  1 n 1 1 s t  give* f ~ r l  1 y l c . l t l  o l  11 I I I I I  i 1 1  ( . I  $ 1 1 ,  1 t 1 t 1  
some s e c o n d  c r o p s  y i e l d .  
o  Y i e l d s  o f  i n t e r c r o p p e d  com~mrhent (.rCJl)S n ~ t l s L  c.~( . i . t .J t 111: 
s o l e  c r o p  y i e l d .  
o  T h e  c o m b i n e d  i n t e r c r o p  y i e l d  m l u s t  c*xc.c*c*cl t .hf .  cu~r l l>  I rrc.cl 
s o l e  c r o p  y i e l d .  
The  f i r s t  a n d  t h i r d  c r i t e r i ~ i  tire 1no5t 1 1 1 1 l w ~ r t . ~ ~ n t  
f o r  i n t e r c r o p p i n g  w i t h  u p l a n d  r i c e .  T h e  f i r s t  i s  a p p l  i c i i b l c  
w h e r e  u p l a n d  r i c e  is  t h e  s e c o n d a r y  c r o p ,  a s  when i t  i s  grown 
b e t w e e n  s u g a r c a n e  rows  o r  b e t w e e n  r u b b e r  o r  o t h e r  p l e n t a t  i o n  
c r o p s .  The  t h i r d  s i t u a t i o n  i s  more common where  t h e  f a r m e r ' s  
i n t e r e s t  i s  i n  a l l  t h e  c o m p o n e n t  c r o p s ,  w h i c h  m a y  i n c l u d e  
m a i z e  t r i c e ,  r i c e  + p e a n u t ,  o r  r i c e  t m a i z e  t c a s s a v a .  
2 . 3 . 2 .  Land e q u i v a l e n t  r a t i o  ( L E R ) :  
T h e r e  a re  s e v e r a l  w a y s  o f  e v a l u a t i n g  i n t e r c r o p p i n g  
e f f i c i e n c y  ( E l c ~ u o  1980 ;  K x s s  1 9 7 6 ;  \ d l  1 1 t h ~  l!J';!))  , t b t ~ t  l , l<: l< 1:; 
p r e f e r r e d  b e c a u s e  i t  i s  s i m p l e ,  e ~ s y  t o  c o r n p ~ ~ t r ,  i i 1 1 ~ 1  11ot 
a f f e c t e d  by m a r k e t  v a l u e  o f  c r o p s  rsrid i i t  s .  Morc>ui.c.~., i t 1  1  
t h e  componen t  c r o p s ,  i r r e s p e c t i v e  o f  t y p e  c31id yical t l ,  a1.c 
c o n s i d e r e d  o n  a r e l a t i v e  and  d i  r e c  t 1 y c o ~ ~ ~ l ~ t i r i r b l ~ ~  b ~ s  i s  
( C h o u d u r y  1 9 7 9 ;  W i l l e y  1 9 7 9 )  
LER i s  t h e  r e l r i t i v e  l a n d  tireti under.  x o l c .  c.r.oj):, t r i i t  1:. 
n e c e s s a r y  t o  p r o d u c e  lit tin caquiil ~ I ~ I I I ~ L ~ I . I I J C . I I ~  l c ~  1.1 t t i c *  J J 4 ,  l t l s  
a c h i e v e d  f ronl i n t e r c r o p p i n g .  Lb:H i s  cxpres s t . t l  i t s :  
Where  X i  a n d  Y i  a r e  t h e  y i e l d s  of' i r i t . c . ~ ~ c r . o l ~ l ~ c : c ]  . ~~ l~ l )o r r c - r~ t .  
c r o p s ,  a n d  X s  a n d  Y s  fire y i e l d s  o f  t t ~ c  c:rops i n  x o l c . .  
LER was d e s i g n e d  f o r  i n t e r c r o p p i n g ,  b u t  i t .  ci111 bc  trsctl 
t o  assess t h e  p e r f o r m a n c e  o f  componen t  c r o p s  i n t e r c r o j > p i  ng . 
LER f o r  i n t e r c r o p p i n g  i s  t h e  sun1 o f  LER o f  t h e  conrponerrt 
c r o p s .  LER b e l o w  1 i n d i c a t e s  a n e g ~ t t  i v c  c f f ~ c t  o f  
i n t e r c r o p p i n g .  I f  LER i s  h i g h e r  t h a n  1 ,  t h e r e  i s  n p o s i t i v e  
b e n e f i t  t o  t h e  c r o p  c o m b i n a t i o n s .  L E R  o f  1 . 2  i n d i c : a t . r s  c i  20% 
y i e l d  a d v a n t a g e  i n  i n t e r c r o p p i n g  o v e r  s o l e  c r o p p i n g .  
B e c a u s e  LER is  i n d e p e n d e n t  o f  c r o p  y i e l d s  a n d  d o e s  n o t  
i n d i c a t e  t h e  e c o n o m i c  b e n e f i t  o f  y i e l d  l e v e l s ,  i t  may n o t  
a l w a y s  m e a n i n g f u l  ( C h o u d h a r y  1 9 7 9 ;  Elemo 1 9 8 0 ) .  I n  p r a c t i c e ,  
f a r m e r s  n e v e r  c o m p a r e  p u r e  s t a n d  o f  s o l e  c r o p s  a n d  m i x t u r e s  of  
componen t  c r o p s .  T h e r e f o r e ,  LER i s  t h e o r e t i c a l  a n d  u n r e l a t e d  
t o  p r a c t i c a l  f i e l d  c o n d i t i o n s .  N e v e r t h e l e s s ,  i t  p r o v i d e s  
r e l a t i v e  c o m p a r i s o n s  o f  d i f f c l . c > 1 \ 1  I I I  I :  i I I  
i r ~ t e r c r o p p i n g  s y s t e m s .  
A s  tin i n d e x  o f  c o n l t ) i n c t l  y i e l d ,  1 p r . t , \ , i d c a : ;  ;I 
q u a n t i t a t i v e  e v t l l u a t . i o n  o f  t trc y i e l d  t i t fv t t r r t t rge  ciu(. t o  
i n t e r c r o p p i n g  ( W i l l e y  1979 ) . LFR ( .oul t i  t ) t a  rl:;cbcl e i  t 11c.1. i i s  
a n  i n d e x  o f  b i o l o g i c a l  e f  f  icicric:y t o  evii lut t t  C -  t . 1 1 ~ .  t.1'fc:c:t.s 
o f  v a r i o u s  a g r o n o m i c  v n r i a b l e s  ( c . g .  f e r t  i 1 i t y  l t * v t * l s ,  
d e n s i t y  and spac i r ~ g  , compcir i  s o n  o f  c . t r  1 t i  \ , t r r -  ~ ~ t * r - f o r . ~ ~ ~ : t ~ i c - c ~ ,  
r e l a t i v e  t i m e  o f  s o w i n g ,  and cl-01) c.o~lll,irllrt iorls  ) ori 1111 
i n t e r c r o p  s y s t e m  i n  a  l o c a l i t y  o r  tis a n  i ~ l c i c s  o f  s y s l  C.III:;  
( C h e t t y  a n d  Iteddy 1 9 8 7 ) .  
T h e  p a r t i a l  L K H  vrrlurts  givca i t 1 1  I I I I I o 1' t . I r c *  
r e l a t i v e  c o m p e t i t i v e  a b i l i t i e s  o f  t t ie  c o m l w n c n t . ~  o f  ir~l.c?rc:r.ol) 
s y s t e m s .  I n  t h e  i n t e r c r o p p i n g  s y s t r l n ,  t h e  s p c c i e s  w i t h  ~i 
h i g h e r  p a r t i a l  1,ER i s  co:rs idered t o  bc*  more c:onrpcti t i v c  for. 
g r o w t h  l i m i t i n g  f a c t o r s  t h a n  t h e  spt!cies wit11 1owc.r. ~)r i r* t . i r i l  
L E R  ( W i l l e y  1 9 7 9 ) .  
Some o f  t h e  d i s a d v a n t a g e s  o f  LEH a r e  t h a t  LER il; b a s e d  
on l a n d  a r e a  o n l y  and d o e s  n o t  t a k e  t h e  d u r a t i o n  o f  compon(:nt 
c r o p s  i n t o  c o n s i d e r a t i o n .  H o w e v e r ,  c r o p  p r o d u c t i o n  i s  a  
f u n c t i o n  o f  b o t h  c r o p  d u r a t i o n  ( t i m e )  and l a n d  u r e a  b e c a u s e  
l a n d  o c c u p a n c y  by a g i v e n  i n t e r c r o p  s y s t e m  is  f r e q u e n t l y  o f  
l o n g e r  d u r a t i o n  t h a n  a r e  o f  t h e  s o l e  c r o p s .  
S e v e r a l  me thods  h a v e  b e e n  s u g g e s t e d  i n  t h e  l i t e r a t u r e  
f o r  c a l c u l a t i n g  LER u s i n g  d i f f e r e n t  s o l e  c r o p  v a l u e s  as 
s t a n d a r d i z a t i o n  f a c t o r s .  
A s  a n  i n d e x  o f  b i o l o g i c a l  e f f i c i ( . ~ ~ ( . y ,  1 1 1  i s  btrsc*cl 1311 
h a p v e s t e d  p r o d i r c t s  a n d  n o t  o n  d c s i  rc.tl y i c . l ~ i  p t ~ o l ) c ) ~ - t  i 0 1 1 s  u t '  t 
c o m p o n e n t  c r o p s  p r e d e t e r m i n e d  a t  sow i ng ( Mcitd arid St  t a r 1 1  1 9 8 0 ;  
Mead a n d  W i l l e y ,  1 9 8 0 ) .  T h i s  i s  ovcrconlc  by t.hc 'cl'1'cc.t i v c  
LER' p r o p o s e d  by Head and  S t e r n  ( 1 9 8 0 ) ,  i t s  u l  tr l .r lr \ t  i v z  t o  I,ER 
f o r  e v a l u a t i n g  t h e  b i o l o g i c a l  e f f i c i e n c y  o f  t r  g i \ , c r ~  ~ . c ~ ( ~ u i r c ~ i  
p r o p o r t  i o n  o f  component  c r o p s  l n  i t r1  i n t  c r c r o p  s y s t c ~ n .  
2.3.3. CrQp p e r f o r m a n c e .  r#ti9 ( C P H ) :  
The e x p e c t e d  p t ? r f o r m n n c e  o f  11 cornl)or~c!r~t of' t r r ~  i ~it .c.~.c.  1.01) 
i s  b a s e d  upon i t s  nct111il perf 'o~.n~i i r lcc .  i r l  t ht. so  1 c st r ~ r l c l .  
T h u s  e x p e c t e d  p e r f o r m a n c e  is  c i i l c : ~ ~ l t c t c . d  cts t 1 1 ~ .  ~ i t l u c :  1)c.r' Illlit 
i n  t h e  s o l e  s t a n d  m u l t i p l i e d  by t h e  sowrl p r o l ) o r t i o r ~  of' t h r i t  
component  i n  t h e  i n t e r c r - o p  ( H a r r i s  ct ~ 1 .  1 9 8 7 ) .  
To a s s e s s  t h e  a d v a n t a g e  o f  t h e  i n t e r c r o p  i n  t e r m s  o f  t h e  
d r y  w e i g h t  o f  h a r v e s t e d  m a t e r i a l ,  t,he y i c l d  p e r  u n ~ t  a r e a  
o f  a component  o f  t h e  i n t e r c r o p ,  I ,  s h o u l d  IJP d i  vidc:cl by t t ~ e  
p r o p o r t i o n ,  P ,  o f  t h a t  component  i n  t h e  i n t e r c r o p  t o  d i v e  t t ~ c  
y i e l d  p e r  u n i t  a r e a  sown t o  t h a t  comporient c r o p ,  I / P .  
I n  t h e i r  s t u d i e s  o f  i n t e r c r o p p i n g  u p l a n d  r i c e  w i t h  
p i g e o n p e a  a n d  c o w p e a ,  R a m a k r i s h n a  a n d  Ong ( 1 9 9 1 )  e x p r e s s e d  
t h i s  q u a n t i t y  a s  a  f r a c t i o n  o f  t h e  same component  i n  s o l e  
p l o t ,  S ,  t o  g i v e  C r o p  P e r f o r m a n c e  R a t i o  (CPR) o f  I r / ( P ,  S r )  
f o r  r i c e ,  I p / ( P p  S p )  f o r  p i g e o n p e a ,  a n d  I , / ( P c  S c )  f o r  
cowpea .  The  c o r r e s p o n d i n g  r a t i o  f o r  t h e  w h o l e  i n t e r c r o p  a 
-. . 
..--- - 
T o t a l  C r o p  P e r f o r m a n c e  R a t i o  ( T C P R )  i s  g i \ , t > r ~  b y  
TCPR = ( 1 ,  t I , , ) / ( P , .  S r  t Pl, S l , )  
a v a l u e  o f  CPR e x c e e d i n g  1 imp1 i c s  t h r i t  LI co~nl)ont.rrt y ic.l(lt.11 
more  d r y  m a t t e r  p e r  u n i t  sown nrt.tr I n  t h e  i r ~ t c ~ ~ - c r ~ o p  t r . i ~ n t m t * r ~ t  
t h a n  i n  t h e  so le .  p l o t ,  nrid t h u s  j ) cAr fo r .n~ ( .d  L ) t - t  tctr t 1 1 r i 1 1  
' e x p e c t e d '  b u s e d  or1 s o l e  c r o p  y lcl d s .  i'ci 1 t i e s  CI 1' 'I'CiJli 
e x c e e d i n g  1 i m p l y  t h a t  t h e  i n t e r ( - r o p  p l o t .  ylt-ltltatf Inol.t* 
t h a n  s o l e  p l o t s ,  w i t h  t h e  u r e a  f o r  e i l c h  c : o i ~ ~ p o n c n t  
i d e n t i c a l  t o  t h e  c o r r f : s p o n d  i r ~ g  rtr.t.ci 1 1 1  t l1c1 I i i t  t . ~ . t - ~ % i j l *  
p l o t .  
R a s e d  o n  t h e i r  r e s u l t s ,  Rtirniikr i shrlci '~ r l t i  O n g  ( 1 9 9 0  ) 
s u g g e s t e d  t h a t  CPR a n d  TCPR a r e  more 1 ~ 1 1 1 1  bt1s1.s f o r  
c a l c u l a t i n g  t h e  b i o l o g i c c i l  a d v c l r ~ t u g e  o f  r i l l  l r ~ t  t b r . c rop  t.111111 
t h e  more  c o n v e n t i o n a l  Land E q u l v u l c . n t  H t i t  l o  ( L E H )  , h c c t i ~ ~ s c .  
t h e y  a t t e m p t e d  t o  c o m p a r e  t h e  ' c f f l c i e n c . y '  w i t h  h11 i rh  
s o l e  c r o p s  a n d  i n t e r c r o p s  u s e  ~ n t c ~ r c e p t c d  r a d  l a t i o r 1  1 .0  
p r o d u c e  d r y  mat ter .  
Economic  a n a l y s i s  s u c h  a s  c a s h  r e t u r n  p e r  u n i t  t i re t i  o r  
p e r  u n i t  i n p u t  a l s o  a r e  u s e d  t o  c o m p a r e  i n t e r c r o p p i r i g  
s y s t e m s .  H o w e v e r ,  e c o n o m i c  a n a l y s i s  h a s  d r a w b a c k s .  I t  i s  
h i g h l y  d e p e n d e n t  o n  p r i c e  f l u c t u a t i o n s  o f  i n p u t s  a n d  o u t p u t s ,  
a n d  i n t e r c r o p p i n g  i s  p r a c t i c e d  b y  f a r m e r s  who f a r m  f o r  
f a m i l y  c o n s u m p t i o n  a n d  h a v e  1 i t t l e  s u r p l u s  f o r  m a r k e t s .  
Economic  a n a l y s i s  o f  i n p u t - o u t p u t  r e l a t i o n s h i p s  may n o t  b e  
v e r y  u s e f u l  f o r  s u b s i s t e n c e  f a r m e r s  ( C h o u d h u r y  1 9 7 9 ) .  
2 . 4 .  INTERCROPPING UPLAND R I C E  t CEiiKA1.S 
Most  s u b s i s t e n c e  f a r m e r s  i n  s o t ~ t h - e ; i s t .  :IS i 2 i  I 1 1 t  L ~ I . < . I * O ~ ~  
u p l a n d  r i c e .  Many c r o p s  a r c  i n t c r c r . o p p r t l  w i t  t i  111)1:i1111 1 . i ~ : t . ~  
d e p e n d i n g  o n  l e n g t h  o f  the. g r o w i n g  s t a i i s o r l  ; i ~ l d  i ' i ~ ~ . ~ r r ~ > ~ . s  
p r e f e r e n c e .  Common s y s t e m s  i n c  l u d c  1 . i ~ ~ .  t nr i i  i ::P, I- ictl + I I I ; ~  i ::ca 
+ c a s s a v a ,  r i c c  t cowpea ,  r i c c  t peanu t . ,  r i c e  t st.sanluar, r ' ict.  
t s o y b e a n ,  r i c e  t mungbean,  r i c c  + p i g e o ~ i p c ? n ,  I - i c v  t st tgrtr  
c a n e  + r i c e ,  r i c e  t c a p s i c u m  s p . t  Solanunr s p . t  b e a n s  t nrrti;:e t 
b a n a n a  t c a s s a v a ,  a n d  r i c e  t cciss,ivct t m t ~ i z c  t o k ~ . i i  t 1)tal)l~cbl.  
(Choudhury  1 9 7 3 ;  Elemo 1 9 8 0 ;  I*:f'fcr~di c t  i 1 1 .  19H2  ) 
R i c e  t rnuize is  orie o f  t.hc i ~ r o s t  1)01>tilti1. i . ~ . o j l l ) i ~ r t f  : ; y : i t c - l l ~ : .  
o f  A s i a n  u p l a n d s ,  g u r t i c u l i i r - l y  irr south-(.ri:; t  As I I I .  ' I ' I I c .  
growt ; :~  p a t t e r n s  o f  b o t h  c r o p s  t i r e  c o n ~ l ) l c r n c ~ ~ l t t i r y .  i l i c c  t t~ id  
m a i z e  a r e  p l a n t e d  a t  t h e  same t i m e ;  t h e  ser*cIir~g rc l te  of' ~n..~iz..e 
d e p e n d s  on  f a r m e r  n e e d s  ( C a r a n g a l  1 9 8 3 ;  M c I n t o s h  e t  u l .  1 9 8 2 ;  
M c I n t o s h  et a l .  1 9 8 4 ) .  Maize  g rows  morct r a p i d l y  t-hiin rice! 
a n d  i s  h a r v e s t e d  b e f o r e  r i c e  h e a d s .  T h e  nitiize c a n o p y  d o e s  
n o t  d e v e l o p  u n t i l  a f t e r  r i c e  t i l l e r s .  
I n  I n d o n e s i a ,  S i e r r a  L e o n e ,  B r a z i l ,  and  P e r u ,  cas: ;ava i s  
a n  i m p o r t a n t  componen t  c r o p  w i t h  u p l a n d  r i c e  + m a i z e  (Kass 
1 9 7 6 ;  M c I n t o s h  e t  a l .  1 9 8 2 ;  M c I n t o s h  e t  al. 1 9 8 4 ;  O k i g b o  a n d  
G r e e n l a n d  1 9 7 6 ;  Wade a n d  S a n c h e z  1 9 7 6 ) .  C a s s a v a  i s  g e n e r a l l y  
p l a n t e d  a f t e r  r i ce  a n d  m a i z e  are e s t a b l i s h e d ,  a n d  may b e  
r e l a y - p l a n t e d  i n  m a i z e  rows so t h a t  when m a i z e  i s  h a r v e s t e d  
i t  o c c u p i e s  t h e  same s p a c e  ( I R R I  1 9 8 3 ;  Wade e t  al. 1 9 7 6 ) .  
A f t e r  r i c e  is h a r v e s t e d ,  g r o u n d n u t  c a n  b e  p l a n t e d  i n  i t s  
p l a c e ,  and  when g r o u n d n u t  i s  ha rves tc .d  cowpt:t~ C L L I L  b u  gl'owrl, 
t h u s  a l l o w i n g  5 c r o p s  i n  o n e  y e a r  (McInt,osh t 't  ~ t l .  1!)82; 
Wade e f  a l .  1 9 7 6 ) .  I n  West A f r i c a ,  s p i c e s  H I I ~  beans urt. gr.oh8rl 
i n  t h e  main i n t e r c r o p  o f  u p l a n d  r i c e  + maize  + c a s s a v ~ i  ( I l n s  
Gupta  1 9 8 3 ;  Okigbo e t  a l .  1 9 7 6 ) .  
R i c e  i s  a c e r e a l ,  a n d  t h u s  s u p p l i e s  p r i n i a r i l y  
c a r b o h y d r a t e s  t o  human d i e t s .  Of t e n ,  l egumes  a r e  p rc  f 'tarrcd 
f o o d  c r o p s  b e c a u s e  t h e y  have  a  h i g h  p r o t e i n  c o n t e n t  a n d  
e n r i c h  t h e  s o i l  by f i x i n g  n i t r o g e n .  Two t o  t h r e e  r o w s  o f  
r i c e  a t  20-25  c m  s p a c i n g  a r e  p l a n t e d  between t w o  r o w s  ot '  
m u n g b e a n ,  c o w p e a ,  p e a n u t ,  p i g e o n p e a ,  a n d  s o y b e a n  i n  nitiny 
p a r t s  o f  I n d i a ,  P h i l i p p i n e s ,  B r a z i l ,  a n d  West A f r i c a  
(Choudhury  1 9 7 9 ;  Das Gupta  1 9 8 3 ;  Elemo 1 9 8 0 ;  Harson  1 9 8 1 ;  
I R R I  1 9 8 3 ;  Rao e t  al. 1 9 8 2 ) .  
G e n e r a l l y ,  i n d i v i d u a l  c r o p  y i e l d s  a r e  s l i g h t l y  less when 
i n t e r c r o p p e d ,  b u t  c o m b i n e d  p r o d u c t i v i t y  o f  b o t h  c r o p s  i s  
h i g h e r  t h a n  i n  m o n o c u l t u r e .  T o t a l  d r y  m a t t e r  p r o d u c t i o n  i s  
c l o s e l y  r e l a t e d  t o  l e a f  a r e a  and t h e  d r y  m a t t e r  a c c u ~ n u l u t i o n  
p e r  u n i t  l e a f  a r e a  o f  i n t e r c r o p p e d  maize  and r i c e .  
Maize + r i c e  i s  a h i g h l y  p r o d u c t i v e  c o m b i n a t i o n  b e c a u s e  
o f  i n c r e a s e d  l e a f  a r e a  d u r a t i o n  ( L A D )  o f  t h e  i n t e r c r o p  d u r i n g  
t h e  a s s i m i l a t i o n  p e r i o d .  M a i z e  + r i c e  a c c u m u l a t e d  m o r e  
n i t r o g e n  t h a n  e i t h e r  ma ize  o r  r i c e  i n  m o n o c u l t u r e  w i t h  z e r o  
o r  180  kg N ha-' ( M c I n t o s h  1 9 8 2 ) .  
Elemo a n d  Mabbayad ( 1 9 8 0 )  f o u n d  t h a t  u p l a n d  r i c e  a n d  
p e a n u t  y i e l d e d  l e s s  when i n t e r c r o p p e d  i s  ii row arr i i l lgcl l l~tnt .  1:  1 
t h a n  i n  m o n o c u l t u r e  ( b a s e d  o n  a h e c t a r e  o f  i n t c r c ~ . o p ) ,  but, 
t h a t  a b s o l u t e  y i e l d  ( b a s e d  o n  a h e c t a r e  o f  componen t  c r o p  i n  
t h e  i n t e r c r o p )  o f  componen t  r i c e  a n d  p e a n u t  was h i g h e r  t h a n  
y i e l d s  o f  t h e  s o l e  c r o p s .  LER was  h i g h e s t  ( 1 . 2 1 )  when b o t h  
were p l a n t e d  t o g e t h e r .  
I n t e r c r o p p i n g  m u n g b e a n  a n d  g r o u n d n u t  w i t h  r i c e  a t  
C u t t a c k ,  I n d i a ,  improved  g r a i n  y i e l d  a n d  LEI1 ( 1 . 4 2 ) .  H i g h e r  
g r a i n  y i e l d s  were a t t r i b u t e d  t o  s y m b i o t i c  a s s o c i a t i o n  o f  
l e g u m e s  w i t h  r i c e  ( R a o  e t  a l .  1 9 8 2 ) .  I n t e r c r o p p i n g  u p l a n d  
r i ce  w i t h  p i g e o n p e a  was s t u d i e d  a t  R n n c h i ,  I n d i a .  'i'wo t.o 
t h r e e  rows o f  u p l a n d  r i c e  were i nLt: rcr*opl)t:d w i l . t r  1)i  gtbo~ll)t,th .
The i n t e r c r o p  y i e l d e d  more t h a n  n ~ o n o c ~ * o p p e d  p i  g c o r i l ~ c c ~  01. 
r i c e .  L F R  r a n g e d  f r o m  1 . 4 1 - 1 . 6 4 ,  i n d i c a t i n g  t h a t  
i n t e r c r o p p i n g  was 41-64% more  p r o d u c t i v e  t h a n  r r ~ o n o c r o p p i n g  
( C h o u d h u r y  1 9 7 9 ) .  
T h e r e  h a v e  b e e n  some  s t u d i e s  o n  c o m p e t i t i o n  i n  u p l a n d  
r i c e  t m a i z e  i n t e r c r o p p i n g  ( I R R I  1 9 7 6 ;  L a h o n i  a n d  Z a n d s t r a  
1 9 7 7 ;  L a h o n i  a n d  Z a n d s t r a  1 9 7 7 ;  S o o k s a t h a n  a n d  H a r w o o d  
1 9 7 4 ) .  The  c o m p a t i b i l i t y  o f  r i c e  t m a i z e  d e p e n d s  o n  a v o i d i n g  
o v e r l a p p i n g  r e p r o d u c t i v e  g r o w t h  s t a g e s ,  Y i e l d  o f  
i n t e r c r o p p e d  r i c e  is  p o s i t i v e l y  c o r r e l a t e d  w i t h  t h e  number  o f  
d a y s  o f  r i c e  g r o w t h  a f t e r  m a i z e  i s  h a r v e s t e d  ( L a h o n i  a n d  
Z a n d s t r a  1 9 7 7 ) .  I f  r i c e  g r o w s  f o r  more  t h a n  4 5  d a y s  a f t e r  
m a i z e  h a r v e s t ,  y i e l d  i s  s imi l a r  t o  t h a t  o f  s o l e  r i c e .  
A n o t h e r  i m p o r t a n t  f a c t o r  f o r  t h e  c o m p a t i b i l i t y  o f  m a i z e  
t rice is the difference in the phenology of the two crops, 
the early rapid growth of maize and the high productivity of' 
rice late in the season. Maize r5eaches rnasinluln leaf area 
index (LAI) 6 weeks after planting, whereas rice r e u c t ~ e s  
maximum L A 1  12 weeks after seeding and after maize is 
harvested (IRRI 1976). 
Photosynthetic efficiency, measured by net assinlilatiorl 
rate 6 to 8 weeks of planting, was higher (48 g.m-2.wk-1), in 
intercropping than sole cropping, The net assirnilation rate 
for maize t rice (maize at 1-m row, 40,000 plant ha-') was 43 
g . m-2, wk-la Maize had relatively low leaf area duratior~ ( LAD) 
and accumulated little dry matter. Maize t rice had high LAD 
and high dry matter accumulation, Rice alone hcid 
considerably higher LAD than maize t rice, but produced less 
dry matter, because of slow initial growth r a t e .  
2.5. INTERCROPPING WITH PIGEONPEA 
Saraf et al. (1975) observed that pigeonpea (redgram) 
grain yield and its components and dry matter production we1.e 
not affected significantly when intercropped with greengram, 
(mungbean), soybean and groundnut. Similar findings were 
reported by Kaul et al. (1975); Singh and Singh (1976). 
Kaul and Sekhan (1974) reported that pigeonpea grain 
yield was increased by intercropping with short duration (75- 
80 days) greengram and blackgram but pigeonpea yield was 
reduced by longer duration (112-130 days) soybean and 
groundnut. Gajendragiri and Rajat De (1978) reported from a 
3 - y e a r  s t u d y  t h a t  p l a n t  h e i g h t ,  n u m b e r  o f  b r a n c h e s  p e r  
p l a n t ,  t o t a l  d r y  m a t t e r  p r o d u c t i o n ,  p o d s  p e r  p l a n t  arid 1000 
t 
g r a i n  w e i g h t  o f  redgram were  n o t  i n f l u e n c e d  s i g n i f i c i ~ n t l y  
when i n t e r c r o p p e d  w i t h  g reengram o r  b lackgrnm i n  a 1  t e r n a t e  
rows a t  50 cm d i s t a n c e  i n  1 : l  p o p u l a t i o n  r a t i o .  
I n t e r c r o p p i n g  p i g e o n p e a  w i t h  sorghum, p e a r l  m i l  l e t ,  d i d  
n o t  s i g n i f i c a n t l y  r e d u c e  t h e  t o t a l  n u t r i e n t  c o n t e n t  o f  
p i g e o n p e a  p e r  u n i t  a r e a  ( P a l a n i a p p n n e  e t  a l .  1 9 8 3 ) .  
Reddy e t  a1. ( 1 9 8 4 )  t e s t e d  t h e  p o s s i b i l i t y  o f  t i i k i n g  at) 
i n t e r c r o p  i n  t h e  r a b i  ( p o s t r a i n y )  s e a s o n ,  u n d e r  r e s i d u a l  s o i l  
m o i s t u r e  on a d e e p  c l a y  loamy s o i l .  The i n t e r c r o p s  wcrc wheat  
t r e d g r a m  a n d  s a f f l o w e r  t r e d g r a m .  W h e a t  g a v e  t h e  h i g h e s t  
g r a i n  y i e l d  (1514  kg ha- ' )  f o l l o w e d  by s a f f l o w e r  (839 kg 
h a " ) .  S i n c e  w h e a t  a n d  s a f f l o w e r  a r e  w i n t e r  c r o p s ,  t h e i r  
g r o w t h  was v e r y  f a s t  and p r o f u s e  which s u p p r e s s e d  t h e  
g rowth  o f  i n t e r c r o p p e d  redgrarn l e a d i n g  t o  p o o r  y i e l d s  o f  250 
kg ha-'  i n  redgrarn + wheat  and 5 4 0  kg ha-' i n  redgram t 
s a f f l o w e r  s y s t e m .  
P a t r a  a n d  C h a t t e r j e e  ( 1 9 8 6 )  i n  t h e i r  e x p e r i m e n t  
c o n d u c t e d  d u r i n g  r a i n y  s e a s o n s  o f  a t  K a l y a n i  f o u n d  t h a t  
s o y b e a n  and  redgram i n t e r c r o p p e d  i n  1 : l  row p r o p o r t i o n s  s p a c e d  
a t  3 0  cm a p a r t  gave  3 5  t o  4 5  p e r  c e n t  y i e l d  a d v a n t a g e  and  
a b o u t  R s  2700 t o  R s  2900 more p e r  h e c t a r e  m o n e t a r y  r e t u r n  
o v e r  s o l e  c r o p p i n g ,  
2.6. FERTILIZER MANAGEMENT IN INTERCROPPING 
The fertilizer and management requirements of coelponeri t 
crops affect intercrop management. Research at International 
Rice Research Institute (IRRI) compared nutrient uptake by 
rice t maize with that of sole rice and sole maize (IRIZI, 
1976; Palada and Harwood, 1974; Suryatna and Harwood, 1976). 
Increasing applied N from 0 to 180 kg ha-' increased NPK 
uptake of the intercrop. Nutrient uptake was higher than for 
the crops in sole, Increasing N from 180 to 240 kg ha-' d i d  
not increase N uptake of rice t maize. 
Increasing applied N from 0 to 180 1 ~ 1 :  ~ I Z L - '  i ~ ~ r . ~ . c c t > ; c c l  
intercrop yield from 2.0 to 6.2 t hti-'. However, LEI2 dropl)ed 
from 1.60 to 1.45, indicating that intercropping was 60% tilore 
productive at 0 applied N and 45% more productive at 180 kg 
N ha-' than rice or maize n sole (TRRI 1976). In another 
study, LER was not increased by increasing fertilizer from 180 
to 240 kg N ha-', LER was maximum (1.50) with 180 kg N 
applied to rice t maize (Palada and Harwood, 1974). 
Wade and Sanchez (1976) studied a maize t rice t cassava 
t peanut t cowpea system at Yurimaguas, Peru. Tall crops were 
planted at 1, 2, or 3 m spacing and with 0, 45, 90, or 180 kg 
N ha-' per year in equal splits at planting and 60 days after 
planting. Nitrogen was not applied to legumes or to later 
growth stages of cassava. Before maize and rice were 
planted, fields receive 1 tone lime, 49 kg P and 40 kg K ha-' 
Rice in sole responded up to 45 kg applied N ha-', and maize 
i n  s o l e  r e s p o n d e d  up t o  180 kg N h a - ' ,  C a s s a v a ,  p e a n u t ,  a n d  
cowpea d i d  n o t  r e s p o n d  t o  a p p l i e d  N .  
I 
Maize + r i c e  y i e l d e d  30-60% more t h a n  w h c r l  pl~int , txd i r ~  
s o l e .  LER w a s  h i g h e s t  a t  0  N. A t  0  N ,  1  m m a i z e  row s p n c i n g  
was most  e f f i c i e n t  LER ( 1 . 6 2 ) ,  b u t  y i e l d  w a s  o n l y  2 . 4  t ha- ' .  
A t  180 kg N ha-' 2 m s p a c i n g  y i e l d e d  p o o r l y  b e c a u s e  o f  t h e  wet, 
y e a r .  No cowpea was grown a t  1 m s p a c i n g  b e c a u s e  o f  t h e  dense  
c a s s a v a  c a n o p y .  P e a n u t  y i e l d s  were  50% o f  t h o s e  i n  s o l e .  The 
i n t e r c r o p  y i e l d e d  300% more t h a n  t h e  c r o p s  p l a n t e d  i n  s o l e .  
2.7. ECONOMICS OF INTERCROPPING: 
I n  a  t h r e e  y e a r  s t u d y ,  John  e t  a1 ( 1 9 4 3 )  r e p o r t e d  t l ~ ~ t .  
g r o u n d n u t  + p i g e o n p e a  i n  8 : l  row a r r a n g e m e n t s  was Rs 435 more 
p r o f i t a b l e  t h a n  s o l e  c r o p  o f  g r o u n d n u t .  A r r a n g e m e n t  o f  
g r o u n d n u t  and  p i g e o n p e a  o f  6 : l  r a t i o  was more e c o n o m i c a l  
t h a n  8 : l .  Groundnut  g a v e  99% o f  i t s  s o l e  c r o p  y i e l d  and 
p i g e o n p e a  37% (Veerswam e t  a l .  1974 ;  Appadura i  and  S e l v a r a j  
1 9 7 4 ) .  Ramadoss e t  a l .  ( 1 9 8 0 )  worked o u t  t h e  e c o n o m i c s  
o f  d i f f e r e n t  c r o p  c o m b i n a t i o n s  and r e p o r t e d  t h a t  i n t e r c r o p p i n g  
g r o u n d n u t  w i t h  p i g e o n p e a  was t h e  most  r e m u n e r a t i v e  w i t h  a n e t  
i n c o m e  o f  R s  3 0 9 5  p e r  h e c t a r e  c o m p a r e d  t o  p u r e  c r o p  o f  
p i g e o n p e a  as w e l l  a s  o t h e r  c r o p  c o m b i n a t i o n s  o f  g r e e n g r a m ,  
s o y b e a n  a n d  so rghum,  
B a k e r  ( 1 9 7 8 )  r e p o r t e d  t h a t  g r o u n d n u t  i n t e r c r o p p e d  w i t h  
m a i z e ,  s o r g h u m ,  g a v e  a n  a v e r a g e  o f  2 7 . 7  p e r  c e n t  m o r e  
m o n e t a r y  r e t u r n s  t h a n  s o l e  c r o p p i n g .  Reddy e t  a l .  ( 1 9 6 5 )  
s t a t e d  t h a t  g r o w i n g  c a s t o r  mixed w i t h  g r o u n d n u t  w a s  b e t t e r  
t h a n  r a i s i n g  a p u r e  c r o p  o f  c a s t o r  a n d  m o n e t a r y  r e t i ~ r l i s  wt:rc 
6 1 . 9  p e r  c e n t  h i g h e r  t h a n  p u r e  c a s t o r .  Ka lynn  clt 2 1 1 .  ( 1 9 ' 7 8 )  
o b s e r v G d  t h a t  t h e  h i g h e s t  n e t  p r o f i t  was o b t a i n r t l  wl1c.n 
b l a c k g r a m  was i n t e r c r o p p e d  w i t h  r e d g r a m ,  A n d r e v s  ( 1 9 7 2  ) 
r e p o r t e d  82% more r e t u r n s  f r o m  sorghum t cowpcn t.han ;L s o l c  
c r o p  o f  so rghum.  
J h a  a n d  S a t p a t h y  ( 1 9 7 3 )  i n d i c a t e d  t h a t  i r ~  r - c d d  s o i l s  o f  
B h u b a n e s w a r ,  r e d g r a m  t f i r ~ g e r  m i l l e t  i r l t e r c r o l ~ p i ~ i g  a \ ,e  L11e 
h i g h e s t  r e t u r n  c o m p a r e d  t o  t h a t  o b t a i n e d  by g r - o w i n g  a s  a p i ~ r c  
c r o p .  
S t u d i e s  o n  i n t e r c r o p p i n g  p r o p o r t i o r ~ s  b y  ,111 T n d i t ~  
C o o r d i n a t e d  R e s e a r c h  P r o j e c t  f o r  D r y  l n r ~ d  A g r . i c u l  L i 1 1 . e  i ~ t  
A n a n t a p u r  d u r i n g  1 9 7 8  s h o w e d  t h a t  g r o w i n g  r c d g r a m  a n d  
g r o u n d n u t  i n  1 : 8  r a t i o  g a v e  t h e  maximum g r o s s  m o n e t a r y  r e t u r n s  
c o m p a r e d  t o  o t h e r  p r o p o r t i o n s .  I n  a n o t h e r  e x p e r i n l e n t  r e d g r a m  
t g r o u n d n u t  i n  3 : 1 2  p r o p o r t i o n  g a v e  maximum g r o s s  r e t u r n s  
( R s  2722 p e r  h e c t a r e )  f o l l o w e d  by  3 : 6  p r o p o r t i o n  ( R s  2 , 6 0 4  
p e r  h e c t a r e ) .  From T i r u p a t i  h i g h e r  m o n e t a r y  r e t u r n s  ( R s  3 , 1 5 3  
p e r  h e c t a r e )  were a c h i e v e d  by  g r o w i n g  g r o u n d n u t  + r e d g r a m  i n  
7 : l  r a t i o  u n d e r  r a i n f e d  c o n d i t i o n s ,  
R a m a d o s s  a n d  T h i r u m u r u g a n  ( 1 9 8 3 )  s t a t e d  t h a t  
i n t e r c r o p p i n g  2 rows  o f  g r e e n g r a m  i n  b e t w e e n  p a i r e d  rows  o f  
r e d g r a m  r e c o r d e d  h i g h e r  n e t  r e t u r n s  p e r  h e c t a r e .  
T h e r e  i s  l i t t l e  e c o n o m i c  i n f o r m a t i o n  o n  u p l a n d  r i c e  
i n t e r c r o p p i n g  b e c a u s e  it is  u s u a l l y  a s u b s i s t e n c e  s y s t e m .  
I n  Y u r i m a g u a s ,  P e r u ,  Wade a n d  S a n c h e z  ( 1 9 7 6 )  f o u n d  
I 
t h a t  i n t e r c r o p p i n g  u p l a n d  r i c e  t m a i z e  t cassLiv i l  + p ~ . , i ~ ~ u t  -t 
cowpea  y i e l d e d  $ 500 ( 3 0 % )  more p r o f i t a b l e  t h a n  g r o w i r ~ g  the111 
i n  2 m o n o c u l t u r e  s t r i p s .  Choudhury  ( 1 9 7 9 )  f o u n d  t h a t  g r o w i n g  
u p l a n d  r i c e  + p i g e o n p e a  w a s  more p r o f i t a b l e  t h a n  g r o w i n g  them 
i n  m o n o c u l t u r e .  S i m i l a r l y ,  m a i z e  + r i c e  w a s  f o u n d  m o r e  
p r o f i t a b l e  ( L o h e n i  a n d  Z a n d s t r a  1 9 7 7 )  i n  P h i l i p p i n e s .  I n  
Lampung,  I n d o n e s i a ,  m a i z e  + u p l a n d  r i c e  + c a s s a v a  + priirllrt 
w a s  m o r e  p r o f i t a b l e  t h a n  t h e  t r a d i t i o n t i 1  r n a i z c  + r i c e  t 
c a s s a v a  ( M c I n t o s h  1 9 8 4 ) .  
I n  n o r t h e a s t e r n  B r a z i l ,  Seguy  ( 198.1 ) f'ol~nd t 1 1 r ~ t  1 . i  ( . I .  t 
m a i z e  + c a s s a v a  f o l l o w e d  b y  c o w ~ > c ~ t i  w i t s  I I I O I . C -  l ) r ~ ~ ~ i ' i t ~ i I ~ I ~ .  < t t  I t ) \ +  
a n d  h i g h  i n p u t  l e v e l s  t h a n  t h e  t r a d i l . i o r l ~ i 1  , s 1 1 r ~ i l 1  f.11.111 
s y s t e m .  Mcidn d a i l y  r e t u r n  w a s  $ 4 . 5 0  t o  $ 4 . 7 0  f o r  t h e  new 
s y s t e m  v e r s u s  $ 1 .80  f o r  t h e  t r a d i t i o n a l  s y s t e m .  Ruo e t  m l .  
( 1 9 8 2 )  f o u n d  t h a t  r i c e  t mungbean r e t u r n e d  25% more  t h a n  
r i c e  a l o n e .  However ,  r i c e  + g r o u n d n u t  r e t u r n e d  o n l y  5% 
more  t h a n  r i c e  a l o n e .  
MATERIALS AND METHODS 
MATERIA1,S AND METHODS 
3 . 1 .  EXPERIMENTAL SITE 
3 . 1 . 1 .  L o c a t i o n :  
The e x p e r i m e n t  was c o n d u c t e d  a t  ICRlSAT C e n t e r  ( I r l d i n )  
d u r i n g  t h e  1990 r a i n y  s e a s o n .  The s i t e  i s  l o c a t e d  a t  1 8 O  N ,  
78O E ,  i n  P a t a n c h e r u  v i l l a g e ,  26  km n o r t h w e s t  o f  Hydttr-abritl 
( S t a t e  o f  Andhra P r a d e s h )  a t  a n  a l t i t u d e  o f  5 4 5  m above  sea 
l e v e l  (ICRISAT, 1 9 8 5 ) .  
3 . 1 . 2 .  Climate: 
The c l i m a t e  o f  ICRISAT C e n t e r  i s  t y p i c a l  o f  S e m i - A r i d  
T r o p i c a l  e n v i r o n m e n t  c h a r a c t e r i z e d  by a s h o r t  r a i n y  s e a s o n  
( 3 - 4  m o n t h s )  a n d  a p r o l o n g e d  d r y  w e a t h e r  ( 8 - 9  n ~ o n t h s ) .  
T h r e e  d i s t i n c t  s e a s o n s  c h a r a c t e r i z e  t h i s  e n v i r o n n ~ e n t s  : 
K h a r i f  o r  monsoon s e a s o n ,  u s u a l l y  b e g i n s  i n  J u n e  a n d  
e x t e n d s  i n t o  e a r l y  O c t o b e r  d u r i n g  which  more t h a n  80% n f  
t h e  t o t a l  a n n u a l  r a i n f a l l  ( 7 6 0  m m )  i s  r e c e i v e d .  I n  t h i s  
s e a s o n  r a i n f e d  c r o p s  a r e  r a i s e d  (ICRISAT, 1 9 8 9 ) .  
R a b i  o r  t h e  p o s t r a i n y  s e a s o n  ( m i d - O c t o b e r  t h r o u g h  
J a n u a r y ) ,  i s  d r y  a n d  r e l a t i v e l y  c o o l ,  and  d a y s  a r e  s h o r t .  
D u r i n g  t h i s  p e r i o d ,  c r o p s  c a n  be  grown on v e r t i s o l s  u s i n g  
s t o r e d  s o i l  m o i s t u r e ,  
Summer, t h e  h o t  s e a s o n  b e g i n s  i n  F e b r u a r y  and  l a s t s  u n t i l  
r a i n s  b e g i n  i n  J u n e ;  c r o p s  grown i n  t h i s  s e a s o n  r e q u i r e  
i r r i g a t i o n .  
T h e  mean a n n u a l  masimum t e m p e r a t u r e  i s  3 5 . 5 ' ~  kind t , h t b  
minimuq i s  1 8 ' ~ .  The a v e r a g e  d a i l y  p a n  e v a p o r a t i o n  v a r i e s  f 1 . o ~  
3 . 8  t o  1 2 . 3  m m .  
3 . 1 . 3 .  S o i l :  
The f i e l d  u s e d  was medium-deep b l a c k  s o i  1 wit h pli o f  8 . 5  
a n d  EC o f  0 . 5 8  m .  mhos/cm and  OC o f  0 . 4 % .  
3 . 2 .  EXPERIMENTAL DETAILS 
3 . 2 . 1 .  T r e a t m e n t s :  
T h r e e  c r o p p i n g  p a t t e r n s  were tt i l ieri ,  t ~ r i d  t t r c .  S I ) L L C  i 11g 
b e t w e e n  t h e  rows w a s  2 0  c m .  
The p a t t e r n s  were: 
1. 3 : l  ( 3  r o w s  u p l a n d  r i c e  : 1 row l e g u m e  c r o p )  row 
a r r a n g e m e n t  
2 .  4 : l  ( 4  rows u p l a n d  r i c e  : 1 row legume c r o p )  
3 .  5 : l  ( 5  rows u p l a n d  r i ce  : 1  row legume c r o p )  
The s p e c i e s  were : 
1. Rice c v .  IET 9 2 2 5  a dwar f  v a r i e t y ,  f i n e  g r a i n ,  d u r a t i o n  
100-110 d a y s .  
2 .  P i g e o n p e a  c v .  ICP 1 - 6 ,  a  m e d i u m , s p r e a d i n g ,  brown- 
s e e d e d  v a r i e t y .  
3 .  S o y b e a n  c v .  H a r d e e  a medium d u r a t i o n  v a r i e t y ,  e r e c t ,  





F i e l d  layou t  o f  t he  experiment a t  BP12-B dur ing  Kha r i f  Season 1990. 
1-45 = P l o t  numbers 
a = Sole r i c e  
b = Sole soybean 
c  = Sole pigeonpea 
ab = Rice + Soybean 
ac = Rice + Pigeonpea 
* = 3 :1  pa t t e rn  
P = 4 : 1  pa t t e rn  
# = 5: 1 pa t t e rn  
Sowing dates were : 
1. Rice : 11.7.90 
2, Pigeonpea : 25,8,90 
I 
3. Soybean : 25.8.90 
3 . 2 . 2 .  Experimental Design Layout: 
The treatments were arranged in a split plot design with 
3 replications, Main plot treatments consisted of three 
sowing patterns and subplot treatments consisted of the 5 
cropping systems. 
Each plot was 7.2 X 5 m. Total experimental r e  wlis 
0.162 ha-' , The crops were grown under rainfed conditions but 
due to dry spells, it has been irrigated two times using u 
sprinkler irrigation system. 
Before sowing, a basal dose of 100 kg ha-' of 
diammonium phosphate and 80 kg N ha-' top dressing was 
applied. Hand weeding was carried out on 25-30, 60, and 90 
DAS to keep the plot weed-free. Pigeonpea was sprayed four 
times against Helicoverpa armigera, 
3 . 3 .  OBSERVATIONS AND MEASUREMENTS 
- Days to 50% flowering: Number of days from sowing 
until 50% of the plants in the net plot had 
flowered. 
Days t o  m a t u r i t y :  Number o f  d a y s  f rom sowing t o  n ~ a t u r i t y  
when more t h a n  85% o f  t h e  p o d s  ( i n  c a s e  o f  l e g t r l ~ i e s )  01. 
p a n i c l e s  ( i n  c a s e  o f  r i c e )  were  d r i e d .  
L e n g t h   of^ r e p r o d u c t i v e  p e r i o d :  T o t a l  d a y s  f r o m  5 0 %  
f l o w e r i n g  t o  p h y s i o l o g i c a l  m a t u r i t y .  
3 . 3 . 2 .  P l a n t  Growth A n a l y s i s :  
The f i r s t  s a m p l i n g  w a s  d o n e  f o u r  weeks  a f t e r  sowing  a n d  
s u b s e q u e n t l y  a t  w e e k l y  i n t e r v a l s .  P l a n t s  were  c u t  a t  t h e  b a s e  
o f  s tem.  R o o t s  w e r e  n o t  i n c l u d e d  i n  c a l c u l a t i n g  t o t c i l  
b i o m a s s .  
3 . 3 . 3 .  P l a n t  H e i g h t  Number of R r a n c h e s  ar T i l l p r s :  
P l a n t  h e i g h t ,  number  o f  b r a n c h e s  ( l e g u m e s ) ,  t i l l e r s  
( r i c e )  o f  e a c h  c r o p s  were  m e a s u r e d  i n  b o t h  s o l e  and  i n t e r c r o p  
p l o t s  a t  w e e k l y  i n t e r v a l s .  
3 . 3 . 4 .  Leaf  A r e a :  
From d e s t r u c t i v e  s a m p l e s ,  l e a v e s  were s e p a r a t e d  and  t h e  
10 g as a  s u b - s a m p l e  was t a k e n ,  t h e n  t h e  t o t a l  l e a f  a r e a  f o r  
t h e  s a m p l e  w a s  c a l c u l a t e d  a c c o r d i n g l y  f o r  d e t e r m i n i n g  l e a f  
a r e a  by u s i n g  a  LI-COR LI 3100 l e a f  a r e a  meter. 
3.3.5.  'JJ' Matter: 
The d r y  matter (DM) o f  l e a v e s ,  s tems, a n d  r e p r o d u c t i v e  
s t r u c t u r e s  w e r e  m e a s u r e d  s e p a r a t e l y .  The d r y  m a s s e s  were 
r e c o r d e d  a f t e r  d r y i n g  t h e  s a m p l e s  i n  a h o t  a i r  o v e n  a t  80°c 
u n t i l  c o n s t a n t  w e i g h t .  
3 . 3 . 6 .  Root l e n g t h  measurement :  
Root  d e p t h  was measured  by t a k i n g  t h e  s o i l  c o r e s  ;it 
f i v e  d e p t h s  ( 0 - 1 0 ,  10-20 ,  20-30,  30-40,  40-50 cnl) a t  f i n a l  
h a r v e s t .  ~ o d t s  were  t a k e n  f rom t h e  3 :  1 p a t t e r n  i n  which  i t  
w a s  c o n s i d e r e d  t h a t  i t  i s  t h e  b e s t  p a t t e r n  f r o m  t h e  
p a t t e r n  t e s t e d  t o  s t u d y  t h e  d e p t h  a n d  t h e  i n t e r a c t i o n  
be tween  r i c e  and t h e  l e g u m e s .  Samples  were  t a k e n  i n  t h e  
r i c e  i n t e r c r o p p e d  w i t h  s o y b e a n  p l o t ,  a n d  t h e  r i c e  
i n t e r c r o p p e d  w i t h  p i g e o n p e a  p l o t ,  t h e  s o l e  c r o p  p l o t s  o f  
t h e  t h r e e  v a r i e t i e s ,  S o i l  c o r e s  were  t a k e n  t o  t h e  l a b o r a t o r y  
f o r  wash ing  and  e x t r a c t i n g  t h e  r o o t s .  T o t a l  r o o t  l e n g t h  i n  
e a c h  sample  and  f o r  e a c h  c r o p  was measured by r ~ s i r i g  t h e  
Comair  r o o t  l e n g t h  s c a n n e r .  
3 . 3 . 7 .  L i g h t  i n t e r c e p t i o n :  
C a n o p y  i n t e r c e p t i o n  o f  p h o t o s y n t h e t i c a l l y  a c t i v e  
r a d i a t i o n  (PAR)  i n t e r c e p t e d  ( F )  was measured w i t h  u s i n g  a 
" M o u s e  S e n s o r ' '  f o r  l i g h t  i n t e r c e p t i o n  m e a s u r e m e n t  a s  
d e s c r i b e d  by Mat thews e t  a l .  ( 1 9 8 7 ) .  
3 . 3 . 8 .  OxyRen i n  t h e  S o i l :  
The amount o f  oxygen  i n  t h e  s o i l  was measured  by p l a c i n g  
g l a s s  t u b e s  i n  t h e  s o i l  a t  5 ,  1 0 ,  and 1 5  t o  m e a s u r e  t h e  
s t a t u s  o f  t h e  a i r  i n  t h e  s o i l  m a i n l y  i n  t h e  u p p e r  r o o t  z o n e .  
T u b e s  w e r e  p l a c e d  i n  t h e  s o y b e a n  and  p i g e o n p e a  p l o t s .  The 
g l a s s  t u b e s  were  t a k i n g  t o  t h e  l a b o r a t o r y ,  a n d  t h e n  t h e  
a i r  i n  each t u b e  was c a r e f u l l y  sampled  by a s y r i n g e  a n d  f e d  i n  
t o  t h e  oxygen a n a l y z e r  ( T o r a y  oxygen a n a l y z e r  LC 7 0 0 F ) ,  w l ~ i c h  
i n d i c a t e s  t h e  p e r c e n t a g e  o f  oxygen i n  t h e  sample .  
3 . 3 . 9 .  T o t a l  Dry M a t t e r  and  G r a i n  Y i e l d :  
A h a l f  s q u a r e  m e t e r  was h a r v e s t e d .  Number o f  p l a n t s  i n  
e a c h  sample  was c o u n t e d  and  t o t a l  f r e s h  w e i g h t  r e c o r d e d .  T h e  
f r e s h  w e i g h t  o f  ( 1 0 )  r a n d o m l y  s e l e c t e d  p l a n t s  f r o m  t h i s  
s a m p l e  was c o l l e c t e d .  T h i s  sub-sample  was oven d r i e d  a t  80°c 
t o  a c o n s t a n t  w e i g h t ,  TDM i n  t h e  n e t  a r e a  was t h e n  c a l c u -  
l a t e d .  F o r  g r a i n  y i e l d ,  h a r v e s t i n g  o f  p o d s  and p a n i c l e s  was 
d o n e  by h a n d ,  G r a i n  y i e l d  N a s  e s t i m a t e d  i n  t h e  n e t  p l o t  which 
were  : 
1 ,  5 : l  p a t t e r n  ( 4 m  wide and  3 p a t t e r n s )  
2 ,  4 : l  p a t t e r n  (4m wide and  4 p a t t e r n s )  
3 ,  3 : l  p a t t e r n  (4m wide  and  5 p a t t e r n s )  
3 .3 .10 .  Y i e l d  Components:  
The t e n  ( 1 0 )  p l a n t s  f rom t h e  s u b - s a m p l e s ,  which were  
t a k e n  a t  random f o r  c a l c u l a t i n g  TCM w e r e  a l s o  u s e d  f o r  
e s t i m a t i n g  y i e l d  components .  
The p a r a m e t e r s  measured  were  : 
- Number o f  p o d s  p l a n t - '  
- Number of  p a n i c l e s  p l a n t - '  
- Pod w e i g h t  ( g  I I I - ~ )  
- P a n i c l e  w e i g h t  ( g  m e 2 )  
- P a n i c l e  l e n g t h  ( c m )  
3.4. STATISTICAL ANALYSIS 
The data of the experiments were subjected to t h e  
analysis of variance ( A N O V A )  using a standard s p l i t  plot 
* 
design analysis of GENSTAT packages in the VAX mainframe 
computer system at ICRISAT, Patancheru, and as mentioned in 
Gomez and Gomez (1984). 
The comparisons of the treatments were made by 11sir1g 
orthogonal single degree analysis in the SYSTAT program and 
SAS program in the VAX niainf rti~nc, 
R E S U L T S  
CHAPTER IV 
RESULTS 
4 . 1 .  CLIMATE 
Meteorological data during the experimental period at 
ICRISAT center are shown as Appendix 1. Total rainfall during 
the cropping period was 607.7 mm, maximum received during week 
3 3  (22.4% of the total rainfall), There was no drought stress 
in the early stages of the crop growth, but there was a short 
drought period towards the end of the year 1990, and during 
the first week of 1991, and the crop was given two 
irrigations. 
Daily maximum and minimum atmospheric te~nperatures were 
recorded for all the weeks of the experimental period (Fig. 1 ) .  
Data of the number of rice plants were taken at weekly 
intervals, the difference of the number of plants between the 
different rice treatments were not significant. The expected 
number of plants m-2 was 100. The sole plot had 156-210 
plants m-2, whereas the intercrops ranged from 130-145 plants 
m-2, The intercropped rice plots did not show significant 
difference between them in the number of plants (Table 1). 
The number of soybean plants m-2 in the sole and the 
intercrop plots were significantly different. The expected 
number of plants m-2 was 50 plants. The sole crop had 45-50 
Standard weeks 
F i g . 1 :  R a i n f a l l  and tempera ture  d u r i n g  g row ing  season a t  
l CR l SAT Center  ( ~ h a r  i f Season 1990) . 
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R IC SB= rice intercropped w i t h  s o y h e a n  
R IC PPEA= rice intercropped with pigconpen 
SEM (+) = 30 
Days after sowing 
Fig.2a:  Number o f  p l a n t s  m-2 o f  t he  s o l e  and i n t e r c r o p  soybean, 
1 = Sole Soybean 
2  = Soybean in te rc ropped  w i t h  r i c e  i n  t h e  ( 3 : l )  r a t i o .  
3 = Soybean in te rc ropped  w i t h  r i c e  i n  the  ( 4 :  1 )  r a t i o .  
4 = Soybean in te rc ropped  w i t h  r i c e  i n  t h e  ( 5 : l )  r a t i o .  
SEM ( + I  = 5 
- 
37 44 58 65 72 79 86 93 
Days after sowing 
F i g  .2b: Number o f  p l a n t s  m-L o f  t h e  s o l e  and i n t e r c r o p  pigeonpea. 
1 = Sole Pigeonpea. 
2 = Pigeonpea in te rc ropped  w i t h  r i c e  i n  the  (3:l) r a t i o .  
3 = Pigeonpea in te rc ropped  w i t h  r i c e  i n  t he  ( 4 : l )  r a t i o .  
4 = Pigeonpea in te rc ropped  w i t h  r i c e  i n  t he  ( 5 : l )  r a t i o .  
p l a n t s  m - 2 .  T h e  i n t e r c r o p  h a d  1 2 - 1 5  p l a n t s  I I I - ~ .  T h e  
i n t e r c r o p  s o y b e a n  d i d  n o t  show a n y  s i g n i f i c ~ t n t  d i l C e r e r ~ c c  
be tween  them i n  t h e  number o f  p l a n t s  ( F i g .  2 a ) .  
The number o f  p i g e o n p e a  p l a n t s  m - 2  i n  t h e  s o l e  and i n  t h e  
i n t e r c r o p  d i d  n o t  s h o w  a n y  s i g n i f i c a n t  d i f f e r e n c e ,  T h e  
e x p e c t e d  number o f  p l a n t s  were  20 p l a n t s  I T I - ~ .  The s o l e  had 15-  
1 8  p l a n t s  m 2 ,  w h e r e a s  t h e  i n t e r c r o p s  had 10-15 p l a n t s  m-'. 
The i n t e r c r o p s  d i d  n o t  show a n y  s i g n i f i c a n t  d i f f e r e n c e  be tween  
them i n  t h e  number o f  p l a n t s ,  Most o f  t h e  p i g e o n p e a  p l a n t s  
w e r e  d y i n g  d u e  t o  w i l t  d i s e a s e  w h i c h  c a u s e d  l o w  p l a n t  
p o p u l a t i o n  ( F i g .  2 b ) .  
T h e r e  was no  s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  n u m b e r  o f  
t i l l e r s  be tween  t h e  s o l e  r i c e  and  t h e  i n t e r c r o p  r i c e .  When 
number o f  t i l l e r s  was c o u n t e d  a t  70 DAS t h e r e  were  3 t i l l e r s  
p l a n t - 1  i n  t h e  s o l e  r i c e  and  t h e  i n t e r c r o p  r i c e .  The number 
of  t i l l e r s  d i d  n o t  i n c r e a s e  much .  k t  1 1 9  D A S  when c o u n t e d  
a g a i n  i t  was found  t h a t  t h e  s o l e  r i c e  and  t h e  i n t e r c r o p  r i c e  
b o t h  had 4 t i l l e r s  p l a n t - 1  ( T a b l e  2 ) .  
When compared be tween  t h e  d i f f e r e n t  i n t e r c r o p s ,  i t  was 
f o u n d  t h a t  t h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  be tween  t h e  
i n t e r c r o p s  i n  t h e  d i f f e r e n t  r a t i o s ,  T h i s  i n d i c a t e d  t h a t  t h e  
i n t e r c r o p  i t  s e l f  as w e l l  as t h e  p l a n t i n g  r a t i o  d i d  n o t  a f f e c t  
t h e  t i l l e r i n g  o f  t h e  r i c e .  
Table 2 .  Number. o f  t i l l e r s  p l a n t - 1  o f  t h e  s o l ( .  ; ~ r l r l  i , ~ l l - . l . c . r . o , ,  ~ . i i . ( '  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . .  
D a y s  a f t e r  sowir lg  
..................... 
7 0 7 7 8 4 9 8 10 5 1 1  2 1 1 1 1  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - . .  
S o l e  r i c e  , 3 . 0  4 . 0  4 .0  4 . 0  4 . U 5 . 0 !) . O  
R IC PPEA 
R I C  SB= r i c e  i n t e r c r o p p e d  w i t h  s o y b e a n  
R IC PPEA= r i c e  i n t e r c r o p p e d  w i t h  p i g e o n p e a  
The number o f  b r a n c h e s  p l a n t - 1  i n  t h e  s o l e  soybean  and i n  
t h e  i n t e r c r o p  ~ o y b e a n  were  s i g n i f i c a n t l y  d i f f e r e n t .  A t  58 DAS 
t h e  number o f  b r a n c h e s  p l a n t - 1  i n  t h e  s o l e  soybean  and  t h e  
i n t e r c r o p s  were  same 1 b r a n c h  p l a n t - 1 ,  b u t  a f t e r  t h a t  t h e  s o l e  
had l o w e r  number o f  b r a n c h e s  t h a n  t h e  i n t e r c r o p s .  A t  h a r v e s t  
o f  t h e  soybean  t h e  p l a n t s  i n  t h e  s o l e  had 5 b r a n c h e s  p l a n t - 1 ,  
t h e  soybean  i n t e r c r o p p e d  w i t h  r i c e  i n  t h e  3 : l  and 4 : l  r a t i o  
b o t h  had 7 b r a n c h e s  p l a n t - 1 ,  and  t h e  s o y b e a n  i n t e r c r o p p e d  w i t h  
r i c e  i n  t h e  5 : l  r a t i o  had 6 b r a n c h e s  p l t i n t - l  ( F i g .  3 ~ i ) .  
The p l a n t s  i n  t h e  i n t e r c r o p  soybean  i n  t h e  t h r e e  r a t i o s  
t e s t e d  d i d  n o t  show any  d i f f e r e n c e  between them i n  t h e  number 
o f  b r a n c h e s  p l a n t - ' .  
The d i f f e r e n c e  i n  t h e  number o f  b r a n c h e s  p l a n t - '  o f  t h e  
s o l e  p i g e o n p e a  and  t h e  i n t e r c r o p  p i g e o n p e a  was n o t  s i g n i f i c a n t  
a t  t h e  e a r l y  s t a g e s  o f  t h e  g r o w t h .  A t  t h e  l a t e r  s t a g e s  o f  t h e  
g r o w t h  t h e  d i f f e r e n c e  was s i g n i f i c a n t .  T h e  i n t e r c r o p  
p i g e o n p e a  h a d  h i g h e r  number  o f  b r a n c h e s  t h a n  t h e  s o l e .  A t  
h a r v e s t  t h e  s o l e  h a d  3 b r a n c h e s  p l a n t - 1 .  T h e  i n t e r c r o p p e d  
p i g e o n p e a  i n  t h e  3 :  1 and  4 :  1 r a t i o  had 5 b r a n c h e s  p l a n t - 1 ,  and 
4 b r a n c h e s  p l a n t - 1  i n  t h e  5 : l  r a t i o  ( F i g .  3 b ) .  
The t r e n d  o f  i n c r e a s e  o f  t h e  number o f  b r a n c h e s  o f  t h e  
s o y b e a n  and  t h e  p i g e o n p e a  were  d i f f e r e n t  f rom e a c h  o t h e r .  The 
g r o w t h  o f  t h e  s o y b e a n  was f a s t e r  t h a n  t h a t  o f  t h e  p i g e o n p e a  i n  
t h e  e a r l y  s t a g e s  t h a t  t h e  number o f  b r a n c h e s  o f  t h e  p i g e o n p e a  
were low a t  t h e  b e g i n n i n g  compared t o  t h e  s o y b e a n ,  
SEM (+) = 2 
8 
Days after sowing 
- 1 F ig .3a :  Number o f  branches p l a n t  o f  t h e  so le  and i n t e r c r o p  Soybean. 
1 = Sole Soybean. 
2 = Soybean in terc ropped w i t h  r i c e  i n  t he  ( 3 : l )  r a t i o , .  
3 = Soybean in terc ropped w i t h  r i c e  i n  t h e  ( 4 : l )  r a t i o .  
4 = Soybean in terc ropped w i t h  r i c e  i n  t h e  ( 5 : l )  r a t i o .  
SEM (+) 
37 44 58 65 72 79 86 93 
Days after sowing 
- 1  Fig3b: Number o f  branches p l an t  o f  the sole and in te rc rop  pigeonpea, 
1 = Sole Pigeonpea. 
2 = Pigeonpea intercropped w i t h  r i c e  i n  the ( 3 : l )  r a t i o .  
3 = Pigeonpea intercropped w i t h  r i c e  i n  the ( 4 : l )  r a t i o .  
4 = Pigeonpea in tercropps-  w i t h  r i c e  i n  the  ( 5 : l )  r a t i o .  
The difference in the LA1 of the sole rice and the 
intercrops was ,not significant, Some of the treatments show 
some difference at the later stages of the growth. AT 70 DAS 
the sole rice had LA1 of 2.0, The rice intercropped with 
soybean had a LA1 of 2,43, 2.54, and 2.0 in the 3:1, 4:1, and 
5:l ratios respectively. The rice intercropped with pigeonpea 
had a LA1 of 2.63, 2,22, and 2.1 in the 3:1, 4:1, and the 5:l 
ratios respectively, At 119 DAS there was some difference in 
the leaf area and LA1 between the sole and the intercrops, due 
to the maturity of the crop and the drying of the leaves. A t  
that time the sole had a LA1 of 3, the rice inlercroppcd w i l . 1 1  
soybean had a LA1 of 3.25, 2.20 and 2.0 in the 3:1, 4 : l  kind 
5:l ratios respectively (Table 3). 
The rice plants reached the maximum leaf area and LA1 at 
105 D A S ,  where the sole recorded a LA1 of 5,0, the rice 
intercropped with soybean had a LA1 of 5.8, 4.3, and 4.4 in 
the 3:1, 4:l and 5:l ratios respectively. The rice 
intercropped with pigeonpea had a LA1 of 6.41, 4,44 and 3.28 
in the 3:1, 4: 1 and 5: 1 ratios respectively, After that the 
leaf area reduced due to the maturity of the crop and drying 
of the leaves. 
There was no significant difference in the leaf area and 
LA1 between the rice intercropped with soybean and the rice 
intercropped with pigeonpea in the three ratio tested. 
Table 3 .  Leaf  a r e a  i n d e x  ( L A I )  of  the s o l e  and i ~~l( .rc . t .ol ,  1 . i  c ( ,  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Dirys c t f  tcl .  s o \ ~  i l i t  
---------------------------------- .-------  - -  
7 0 7 7 8 4 9 8 10 5 1 1 2  I I !) 
----------------------------------------------------------------- 
S o l e  r i c e  , 2 .03  2 . 5 0  3 . 0 7  3 .50  5 . 0 4  .1 , 0 :\ 3 . : ! I  
R I C  PPEA 
R I C  SB= r i c e  i n t e r c r o p p e d  w i t h  soybean 
R I C  PPEA= r i c e  i n t e r c r o p p e d  w i t h  p igconpen  
There was a significant difference in the leaf area and 
LA1 between the sole soybean and the soybean intercropped with 
rice in the three ratios. At 37 DAS the sole soybenr~ htrd ii 
LA1 of 1.25, the soybean intercropped with rice in the 3:l 
ratio had a LA1 of 0,3, 0,28 for the soybean intercropped with 
rice in the 4:l ratio, and the soybean intercroppcd with rice 
in the 5:l ratio had a LA1 of 0.3 (Fig. 4a). 
The soybean reached maximum LA1 at 79 DAS when the sole 
soybean recorded a LA1 of 4,45, 2.33 for the intercropped 
soybean in the 3:l ratio, 2.51 for the intercropped soybean in 
the 4: 1 ratio and the intercropped soybean in the 5: 1 ratio 
had a LA1 of 1.98. A t  later stages the L A 1  dccl i t led tluc Lo 
the maturity of the crop and consequent drying of the leaves 
(Fig. 4a). 
There was no significant difference in the leaf area and 
LA1 between the sole pigeonpea and the intercropped pigeonpea 
in the three ratio. At 37 DAS the sole pigeonpea had a LA1 of 
0.97, whereas the intercropped pigeonpea in the 3:l ratio had 
a LA1 of 0.56, 0.51 for the pigeonpea intercropped with rice 
in the 4:l ratio and 0.50 for the intercropped pigeonpea in 
the 5: 1 ratio. The leaf area and LA1 of the pigeonpea were 
increased up to 93 DAS but due to the mortality of many plants 
and subsequent reduction of the sampling area, it has been 
suggested to stop the sampling and leave sufficient area for 
yield assessment (Fig 4b). 
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Fig.4a: Leaf area index (LAI) o f  the  so le  and i n t e r c r o p  soybean. 
1 = Sole Soybean. 
2 = Soybean intercropped w i t h  r i c e  i n  the ( 3 : l )  r a t i o .  
3 = Soybean intercropped w i t h  r i c e  i n  the ( 4 : l )  r a t i o .  
4 = Soybean intercropped w i t h  r i c e  i n  the ( 5 : 1 )  r a t i o .  
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~ i g . 4 b :  Leaf area index ( L A I )  o f  the  so le  and i n te rc rop  pigeonpea 
1 = Sole pigeonpea. 
2 = Pigeonpea intercropped w i t h  r i c e  i n  the ( 3 : l )  r a t i o .  
3 = Pigeonpea intercropped w i t h  r i c e  i n  the ( 4 : l )  r a t i o .  
4 = Pigeonpea intercropped w i t h  r i c e  i n  the ( 5 : l )  r a t i o .  
The soybean and the pigeonpea showed variation with 
regard to the leaf area and LAI. The growth rate of the 
pigeonpea in the early stages was low, and its growth started 
vigorously when the rice was harvested. However, there was no 
comparison between the soybean and the pigeonpea in this point 
due to their difference in the growth habits. 
4.6. PLANT HEIGHT (CM) 
The difference of the plant height between the sole rice 
and the intercrop rice was not significantly different. 
Likewise the difference of the plant height between the plants 
in the intercrops of the three ratios tested wcrc  1101, 
significant. A t  70 DAS the mean height of the rice p l a n t s  in 
the sole was 3 9  cm. The height of the rice plants 
intercropped with soybean in the 3 : l  ratio was 3 9  cm, 3 7  cm 
for the rice plants intercropped with soybean in the 4 : l  
ratio, and the height of the intercrop rice in the 5 : l  ratio 
was 3 8  cm. The height of the rice plants intercropped with 
pigeonpea in the 3 : l  ratio was 3 6  cm, 3 8  cm for the rice 
intercropped with pigeonpea in the 4 : l  ratio and 3 9  cm was the 
plant height of the rice intercropped with pigeonpea in the 
5 : l  ratio (Table 4 ) .  
Maximum height that the plants of the sole rice attained 
was 5 5  cm. The maximum height of the rice plants intercropped 
with soybean in the 3 : l  ratio was 5 4  cm, 56 cm for the rice 
plants intercropped with soybean in the 4:l ratio, and 5 4  cm 
was the maximum plant height for the 5 : l  ratio, 
T a b l e  4 .  P l a n t  h e i g h t  ( c m )  o f  t h e  s o l e  a n d  i r i t e r - c ~ l . c > l ,  r . l c . c J  
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The height of the rice plants intercropped with soybean 
and the rice intercropped with pigeonpen were not 
significantly different. The plants of the rice intercropped 
L 
with pigeonpea in the 3:l and 4:l ratio both had reached a 
maximum height of 5 3  cm, and the rice intercropped with 
pigeonpea in the 5 : l  ratio had reached a maximum height of 56 
cm (Table 4). 
The trend of the increase in plant height of the legumes 
was different from that of the rice. There was no significant 
difference in the plant height between the sole soybean and 
the intercrop soybean, and also between the intercrop soybean. 
At 3 7  DAS the plants of the sole reached a height of 34 ciii, 37 
cm for the soybean intercropped with rice in the 3 : l  ratio, 34 
cm for the plants of the soybean intercropped with rice in the 
4: 1 ratio, and the soybean plants intercropped with rice in 
the 5 : l  ratio had a height of 33 cm (Fig. 5a). 
The height of the soybean plants increased and the 
maximum height that the plants in the sole reached was 69 cm, 
the soybean intercropped with rice in the 3 : l  ratio reached 65 
cm, 68 cm for the plants in the 4:l ratio, and the maximum 
height that the plants of the soybean intercropped with rice 
in the 5:l ratio was 65 cm (Fig 5a). 
There was no significant difference in the plant height 
between the sole pigeonpea and the pigeonpea intercropped with 
rice in the three ratios tested. At 3 7  DAS the pigeonpea 
plants in the sole had a height'of 25 cm, the pigeonpea plants 
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Fig.5a: P lan t  he igh t  (cm) o f  t h e  so le  and i n t e r c r o p  soybean. 
1 = Sole soybean. 
2 = Soybean in te rc ropped  w i t h  r i c e  i n  t he  ( 3 : l )  r a t i o .  
3 = Soybean in te rc ropped  w i t h  r i c e  i n  the ( 4 : 1 )  r a t i o .  
4 = Soybean in te rc ropped  w i t h  r i c e  i n  the  ( 5 : l )  r a t i o .  
SEM (+) = 2 
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Fig.5b: P lan t  he igh t  (cm) o f  t h e  so le  and i n t e r c r o p  pigeonpea 
1 = Sole pigeonpea. 
2 = Pigeonpea in te rc ropped w i t h  r i c e  i n  the  ( 3 : l )  r a t i o .  
3  = Pigeonpea in te rc ropped w i t h  r i c e  i n  the ( 4 : 1 )  r a t i o .  
4  = Pigeonpea in te rc ropped w i t h  r i c e  i n  the  ( 5 : l )  r a t i o .  
intercropped with rice in the 3 : l  ratio had a height of 23 cm, 
24 cm for the pigeonpea intercropped with rice in the 4 : l  
ratio, and the plants of the pigeonpea intercropped with rice 
in the 5:l ratio had a plant height of 23 crn. There was no 
significant difference in plant height between the plants in 
the three intercrop pigeonpea. The maximum height that the 
plants reached was 1,20 m (Fig. 5b). 
4 . 7 .  LEAF DRY WEIGHT ( g  m-2) 
There was no significant difference in the leaf dry 
weight between the sole rice and the intercrop rice. At 70 DAS 
the sole rice recorded a leaf dry weight of 221 g n 1 - ' ,  wherenv 
the rice intercropped with soybean in the 3:l ratio recorded 
257 g m - 2 J  218 g m-2 for the rice intercropped with soybean i r i  
the 4:l ratio, and the rice intercropped with soybean in the 
5:l ratio had a leaf dry weight of 176 g m-'a The rice 
intercropped with pigeonpea in the 3:l ratio had a leaf dry 
weight 208 g 2 3 6  g m-2 for the rice intercropped with 
pigeonpea in the 4: 1 ratio, and 192 g rn-2 was the leaf dry 
weight of the rice intercropped with pigeonpea in the 5 : l  
ratio (Table 5). 
At harvest of the rice, the sole rice recorded a leaf dry 
weight of 891 g m - 2 .  The rice intercropped with soybean in the 
3:l ratio had a leaf dry weight 865 g m'2, 593 g rn-2 for the 
rice intercropped with soybean in the 4:l ratio, and the rice 
intercropped with soybean in the 5:l ratio recorded a leaf dry 
weight of 738 g r n 2  The rice intercropped with pigeonpea in 
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R IC SB= rice intercropped with soybean 
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the 3:l ratio had a leaf dry weight of 1043 y I I I - ~ ,  781 g ,ne2 
for the rice intercropped with pigeonpea in tho 3 : l  ~ . i t t , i o ,  anti 
the rice intercropped with pigeonpea in the 5:l ratio had a 
leaf dry weigh; of 670 g rn-2 (Table 5). 
There was no significant difference in leaf dry weight 
between the rice intercropped with soybean and the rice 
intercropped with pigeonpea in the three ratios tested, 
However, some of the intercrops showed slight difference in 
leaf dry weight between them, but that was not a significant 
difference throughout the experiment. 
There was a significant difference in leaf dry weight 
between the sole soybean and the intercrop soybean, At 37 DAS 
the sole soybean had a leaf dry weight of 117 g m-2, the 
soybean intercropped with rice in the 3 : l  ratio had a leaf dry 
weight of 61 g rn-*, 65g for the soybean intercropped with 
rice in the 4:l ratio, and the soybean intercropped with rice 
in the 5: 1 ratio had a leaf dry weight of 59 g The 
plants of the soybean intercropped with rice in the three 
ratios 3 :  4:1, and 5:l) did not show any significant 
difference between them in leaf dry weight, At harvest of the 
soybean the plants in the sole had a leaf dry weight of 487 g 
m-2. The soybean intercropped with rice in the 3: 1 ratio had a 
leaf dry weight 400 g m-2, 307 g n-2 for the soybean 
intercropped with rice in the 4: 1 ratio, and the soybean 
intercropped with rice in the 5:l ratio had a leaf dry weight 
of 282 g m-2 (Fig. 6a). 
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Fig.6a: Leaf d r y  weight (g m-') o f  the  so le  and i n t e r c r o p  soybean. 
1 = Sole soybean. 
2 = Soybean in tercropped w i t h  r i c e  i n  the ( 3 : l )  r a t i o .  
3 = Soybean in te rc ropped  w i t h  r i c e  i n  the ( 4 : l )  r a t i o .  
4 = Soybean in te rc ropped  w i t h  r i c e  i n  the ( 5 : l )  r a t i o .  
SEM (+) = 26 
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- 2 Fig.6b: Leaf dry weight (g  m ) o f  the s o l e  and i n t e r c rop  pigeonpea, 
1 = Sole pigeonpea. 
2 = Pigeonpea intercropped w i t h  r i c e  i n  the ( 3 : l )  r a t i o .  
3 = Pigeonpea intercropped w i t h  r i c e  i n  the ( 4 : l )  r a t i o .  
4 = Pigeonpea intercropped w i t h  r i c e  i n  the ( 5 : l )  r a t i o .  
T h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  i n  l e a f  d r y  w e i g h t  
be tween  t h e  s o l e  and t h e  p i g e o n p e a  i n t e r c r o p p e d  w i t h  r i c e  i n  
t h e  t h r e e  r a t i o s .  A t  3 7  D A S  t h e  s o l e  p i g e o n p e a  had a l e a f  d r y  
w e i g h t  o f  2 1  g m-2. The p i g e o n p e a  i n t e r c r o p p e d  w i t h  r i c e  i n  
t h e  3 : l  r a t i o  had a l e a f  d r y  w e i g h t  o f  3 5  g m - 2 ,  23 g rn-2  f o r  
t h e  p i g e o n p e a  i n t e r c r o p p e d  w i t h  r i c e  i n  t h c  4 : l  r a t i o ,  a n d  t h e  
p i g e o n p e a  i n t e r c r o p p e d  w i t h  r i c e  i n  t h e  5 : l  r a t i o  had a  l e a f  
d r y  w e i g h t  o f  2 4  g m q 2 .  The d i f f e r e n t  i n t e r c r o p  p i g e o n p e a  d i d  
n o t  show any d i f f e r e n c e  between them i n  l e a f  d r y  w e i g h t  ( F i g .  
6 b ) .  
4.8 .  STEM DRY WEICllT ( g  I I I - ~ )  
T h e r e  was no s i g n i f i c a n t  d i f f c r c - n c e  i n  sterll d r y  wcighl, 
be tween  t h e  s o l e  r i c e  and  t h e  i n t e r c r o p  r i c e .  A t  70 D A S  t h e  
s o l e  r i c e  r e c o r d e d  a s t e m  d r y  w e i g h t  o f  209 g  K I - ~ .  The r i c e  
i n t e r c r o p p e d  w i t h  s o y b e a n  i n  t h e  3 : l  r a t i o  h a d  a  s t e m  d r y  
w e i g h t  o f  259 g I T I - ~ ,  231 g m - 2  f o r  t h e  r i c e  i n t e r c r o p p e d  w i t h  
s o y b e a n  i n  t h e  4 : l  r a t i o ,  a n d  t h e  r i c e  i n t e r c r o p p e d  w i t h  
s o y b e a n  i n  t h e  5:l r a t i o  had a  s t e m  d r y  w e i g h t  o f  1 9 6  g I I I - ~ .  
The r i c e  i n t e r c r o p p e d  w i t h  p i g e o n p e a  i n  t h e  3 : l  r a t i o  r e c o r d e d  
a s t e m  d r y  w e i g h t  o f  232 g m - 2 ,  239 g m-2 f o r  t h e  4 :  1  r a t i o ,  
and  t h e  r i c e  i n t e r c r o p p e d  w i t h  p i g e o n p e a  had a  s t e m  d r y  w e i g h t  
o f  205 g m - 2  ( T a b l e  6 ) . 
A t  h a r v e s t  o f  t h e  r i c e ,  t h e  s o l e  r i c e  r e c o r d e d  a s t e m  d r y  
w e i g h t  638 g m - 2 .  The r i c e  i n t e r c r o p p e d  w i t h  s o y b e a n  i n  t h e  
3 : l  r a t i o  had a s t e m  d r y  w e i g h t  o f  7 4 5  g m - 2 1  528  g  m - 2  f o r  
t h e  r i c e  i n t e r c r o p p e d  w i t h  s o y b e a n  i n  t h e  4 :  1 r a t i o ,  and t h e  
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H IC SB= rice intercropped with soybean 
R IC PPEA= rice intercropped with pigeonpea 
rice intercropped with soybean in the 5:l ratio had a st,crn dry 
weight of 5 3 4  g m-', The rice intercropped rji th pigeor1pt.a in 
the 3:l ratio had a stem dry weight of 794 g I T I - ~ ,  5.16 g III-' 
for the rice intercropped with pigeonpea in the 4: 1 ratio, and 
the rice intercropped with pigeonpea in the 5 : l  ratio had a 
stem dry weight of 460 g m-2 (Table 6 ) .  
There was no significant difference in stem dry weight 
between the rice intercropped with soybean and the rice 
intercropped with pigeonpea in the three ratios tested, Some 
of the rice treatments showed slight difference in stem dry 
weight between them but that was not statistically 
significant. 
There was a significant difference in stem dry weight 
between the sole soybean and the soybean intercropped with 
rice in the three ratios tested. At 37  DAS the sole soybean 
had a stem dry weight of 79 g m-2, the soybean intercropped 
with rice in the 3 : l  and 4 : l  ratio had a stem dry weight of 5 
g m-2. The soybean intercropped with rice in the 5: 1  ratio 
recorded a stem dry weight of 4 g m-2 (Fig. 7a). 
The soybean intercropped with rice in the three ratio did 
not show any significant difference between them in s tem dry 
weight. At harvest of the soybean the plants in the sole had 
a stem dry weight of 539 g mm2, 206 g m-2 for the 3: 1 ratio, 
156 g m'2 and the soybean intercropped with rice in the 5:l 
ratio had a stem dry weight of 1 4 5  g rn-2 (Fig. 7a). 
SEM (t) = 32 
- 
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- 2 Fig.7a: Stem dry  weight (g m ) o f  t he  so l e  and i n t e r c r o p  soybean. 
1 = Sole soybean. 
2 = Soybean in te rc ropped  w i t h  r i c e  i n  the  (3 :1)  r a t i o .  
3 = Soybean in te rc ropped  w i t h  r i c e  i n  t he  ( 4 : l )  r a t i o .  
4 = Soybean in te rc ropped  w i t h  r i c e  i n  the ( 5 : l )  r a t i o .  
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Fig.7b:  Stem d r y  weight  (g m ) o f  t he  so le  and i n t e r c r o p  pigeonpea 
1 = Sole pigeonpea. 
2 = Pigeonpea in terc ropped w i t h  r i c e  i n  the ( 3 : l )  r a t i o .  
3 = Pigeonpea, intercropped w i t h  r i c e  i n  the ( 4 : l )  r a t i o .  
4 = Pigeonpea in terc ropped w i t h  r i c e  i n  the ( 5 : l )  r a t i o .  
T h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  i n  stem d r y  w e i g h t  
be tween  t h e  s o l e  p i g e o n p e a  and  t h e  i n t e r c r o p  1)igeonl)ca i r i  t h e  
t h r e e  r a t i o ,  A t  37 D A S  t h e  s o l e  p i g e o n p e a  h a d  a  s t e m  d r y  
w e i g h t  o f  1 5 '  g , t h e  p i g e o n p e a  i n t e r c r o p p a d  w i t 1 1  r i c e  i n  
t h e  3: 1 r a t i o  had a  s t e m  d r y  w e i g h t  o f  0.26 g ~ I I - ~ ,  0.25 g m - 2 
f o r  t h e  p i g e o n p e a  i n t e r c r o p p e d  w i t h  r i c e  i n  t h e  4:l r a t i o ,  and 
t h e  p i g e o n p e a  i n t e r c r o p p e d  w i t h  r i c e  i n  t h e  5 : l  r a t i o  rec-orded  
a  s t e m  d r y  w e i g h t  o f  0.45 g  m - 2 .  The s tem d r y  w e i g h t  o f  t h e  
p i g e o n p e a  i n c r e a s e d  b u t  d u e  t h e  m o r t a l i t y  o f  a1ntiy p l t i r ~ t s  t h e  
d a t a  o f  t h e  s t e m  d r y  w e i g h t  a t  h a r v e s t  was n o t  a v a i l a b l e  ( F i g .  
7b). 
4 . 9 . 'rOTAII DILY MATTI+:IZ ('I'1)M ) If 1i1-2 
T h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  i n  t o t a l  d r y  m,sLter. 
be tween  t h e  s o l e  r i c e  and t h e  i n t e r c r o p  r i c e ,  e x c e p t  t h e r e  was 
a  s i g n i f i c a n t  d i f f e r e n c e  be tween  t h e  s o l e  r i c c  arid t h e  r i c e  
i n t e r c r o p p e d  w i t h  p i g e o n p e a  i n  t h e  5 :  1 r a t i o .  A t  70 D A S  t h e  
s o l e  r i c e  h a d  a  t o t a l  d r y  m a t t e r  o f  622  g m - 2 .  T h e  r i c e  
i n t e r c r o p p e d  w i t h  soybean  i n  t h e  3 : l  r a t i o  had a  t o t a l  d r y  
m a t t e r  o f  642 g  m - 2 ,  597 g m-2  f o r  t h e  r i c e  i n t e r c r o p p e d  w i t h  
s o y b e a n  i n  t h e  4:l r a t i o ,  a n d  t h e  r i c c  i n t e r c r o p p e d  w i t h  
s o y b e a n  i n  t h e  5 : l  r a t i o  had a t o t a l  d r y  m a t t e r  o f  4 7 9  g m - 2 .  
The t o t a l  d r y  m a t t e r  o f  t h e  r i c e  i n t e r c r o p p e d  w i t h  p i g e o n p e a  
was n o t  s i g n i f i c a n t l y  d i f f e r e n t  f rom t h a t  i n t e r c r o p p e d  w i t h  
s o y b e a n .  The r i c e  i n t e r c r o p p e d  w i t h  p i g e o n p e a  i n  t h e  3:l 
r a t i o  r e c o r d e d  a  t o t a l  d r y  m a t t e r  o f  566 g  m - 2 ,  5 8 7  g m - 2  f o r  
t h e  4: 1 r a t i o ,  and t h e  r i c e  i n t e r c r o p p e d  w i t h  p i g e o n p e a  had a 
t o t a l  d r y  m a t t e r  o f  5 2 0  g m-2 ( T a b l e  7 ) .  
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11.1ys i t f  t c.1. s r , \ d i  1 1 1 :  
- - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - . . - - .- - . . . . - -. 
7 0 7 7  8.1 !) H 1 0 ii 1 I :! I 1 ! J  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - -  
S o l e  r i c e  , 6 2 2  7 0 0  7 6 3  8 7 0 1 3 I .1 1 . I  U 5 L t g o  
R I C  PPEA 
R IC S B =  rice i n t c r c r o p p e d  with s o y b e a n  
R IC PPEA= r i c e  intercropped w i t h  pigeorl1)ea 
The t o t a l  d r y  m a t t e r  o f  t h e  r i c e  c r o p  i n c r e a s e d  k i t h  tinhe 
and  a t  h a r v e s t  o f  t h e  r i c e ,  t h e  s o l e  r i c e  r e c o r d e d  a  t + o t . a l  d r y  
m a t t e r  o f  1590 g m - 2 .  The r i c e  i n t e r c r o p p e d  w i t h  soybc,in i r l  
, 
t h e  3 : l  r a t i o  had a  t o t a l  d r y  m a t t e r  o f  1659 g ~n - ' ,  1168  g n1-2 
f o r  t h e  r i c e  i n t e r c r o p p e d  w i t h  s o y b e a n  i n  t h e  4 : l  r a t i o ,  and 
t h e  r i c e  i n t e r c r o p p e d  w i t h  s o y b e a n  i n  t h e  5 : l  r a t i o  h a d  a  
t o t a l  d r y  r r ia t ter  o f  1418 g m - 2 .  The r i c e  i n t e r c r o p p c d  w i t h  
p i g e o n p e a  i n  t h e  3 : l  r a t i o  had a t o t a l  d r y  r r ia t ter  o f  1881  6 
m - 2 ,  1370 g m-2 f o r  t h e  r i c e  i n t e r c r o p p e d  w i t h  p i g e o n p e a  i n  
t h e  4 : l  r a t i o ,  and t h e  r i c e  i n t e r c r o p p e d  w i t h  p i g e o n p e a  i n  t h e  
5 : l  r a t i o  had  a t o t a l  d r y  m a t t e r  o f  1174 g m-2 ( T a b l e  7 ) .  
T h e r e  was a  s i g n i f i c a n t  d i f f e r e n c e  be tween  t h e  s o l e  r i c e  
and t h e  r i c e  i n t e r c r o p p e d  w i t h  p i g e o n p e a  i n  t h e  5 : l  r a t i o .  lit 
- 2  h a r v e s t  t h e  s o l e  r i c e  had a t o t a l  d r y  m a t t e r  o f  1590 g 111 , 
w h e r e a s  t h e  r i c e  i n t e r c r o p p e d  w i t h  p i g e o n p e a  i n  t h e  5 : l  r a t i o  
had a  TDM o f  1174 g ~ n - ~ .  
T h e r e  w a s  a s i g n i f i c a n t  d i f f e r e n c e  i n  t o t a l  d r y  m a t t e r  
be tween  t h e  s o l e  s o y b e a n  and  t h e  s o y b e a n  i n t e r c r o p p e d  w i t h  
r i c e  i n  t h e  t h r e e  r a t i o s  t e s t e d .  A t  37 DAS t h e  s o l e  s o y b e a n  
had  a t o t a l  d r y  matter o f  250 g I I I - ~ ,  t h e  s o y b e a n  i n t e r c r o p p e d  
w i t h  r i c e  i n  t h e  3 : l  h a d  a  TDM o f  6 5  g t h e  s o y b e a n  
i n t e r c r o p p e d  w i t h  r i c e  i n  t h e  4 : l  r a t i o  had a t o t a l  d r y  m a t t e r  
o f  6 9  g  m m 2 ,  and t h e  s o y b e a n  i n t e r c r o p p e d  w i t h  r i c e  i n  t h e  5 : l  
r a t i o  r e c o r d e d  a t o t a l  d r y  m a t t e r  o f  6 3  g m-2 ( F i g .  8 a ) .  
The s o y b e a n  i n t e r c r o p p e d  w i t h  r i c e  i n  t h e  t h r e e  r a t i o  d i d  
n o t  show a n y  s i g n i f i c a n t  d i f f e r e n c e  be tween  them i n  t o t a l  d r y  
SEM (+) = 71 
37 44 58 65 72 79 86 93 
Days after sowing 
- 2 F ig .8a :  T o t a l  d r y  m a t t e r  ( g  m ) o f  t h e  s o l e  and i n t e r c r o p  soybean 
1 = Sole soybean. 
2 = Soybean i n te rc ropped  w i t h  r i c e  i n  t he  ( 3 : l )  r a t i o .  
3 = Soybean i n t e r c r o p p e d  w i t h  r i c e  i n  t h e  ( 4 : l )  r a t i o .  
4 = Soybean i n te rc ropped  w i t h  r i c e  i n  t he  ( 5 : l )  r a t i o .  
SEM (+) = 22 
- 
37 44 58 65 72 79 86 93 
Days after sowing 
-2 Fig.8b: To ta l  d ry  mat te r  ( g  rn ) o f  the  so le  and i n t e r c r o p  pigeonpea 
1 = Sole pigeonpea. 
2 = Pigeonpea in terc ropped w i t h  r i c e  i n  the  ( 3 : l )  r a t i o .  
3 = Pigeonpea in terc ropped w i t h  r i c e  i n  the  ( 4 : 1 )  r a t i o .  
4 = Pigeonpea in terc ropped w i t h  r i c e  i n  the  ( 5 : l )  r a t i o .  
matter. At harvest of the soybean the sole had a t o t a l  dry 
matter of 1062 g m-2, 607 g ,r,-2 for the soytel~~~ i r ~ l . ~ . l . c l . o ~ ~ l ~ t ~ d  
with rice in the 3 : l  ratio, 463 g 1 1 1 ~ ~  for t.he 4 : l  r ~ i t i o  ci~~d 
, 
the soybean intercropped with rice in the 5 : l  ratio had a 
total dry matter of 428 g m-2 (Fig. 8a). 
There was no significant difference in total dry matter 
between the sole pigeonpea and the intercrop pigeonpea in the 
three ratio. At 37 DAS the sole pigeor~pea had a total dry 
matter of 36 g m-2, the pigeonpea intercropped with rice in 
the 3: 1 ratio had a total dry matter of 35 g rn-21 23 g n,-2 for 
the pigeonpea intercropped with rice in the 4:1 ratio, and the  
pigeonpea intercropped with rice in the 5: 1 ratio rc.c.o~-clt:d a 
total dry rnatter of 24 g r 1 1 - ~ .  T h e  sten,  dry w c i g l l t  c,t' t i i t .  
pigeonpea increased but due the mortality of many plants t,hc 
data of the stem dry weight at harvest was not available. At 
93 DAS the sole pigeonpea had a TDM of 440 g I T I - ~ ,  466 g I I , - ~  
was the TDM of the pigeonpea intercropped with rice i r ~  the 3 : 1  
ratio, 384 g m-2 for the 4:l ratio, and the pigeonpea 
intercropped with rice in the 5:l ratio had a TDM of 312 g m-2 
(Fig. 8b). 
Observations on the number of panicles plant-1 have been 
recorded starting from 98 D A S .  There was no significant 
difference in number of panicles plant-' between the sole rice 
and the intercrop rice. The crop showed poor panicle 
initiation and at 98 D A S  the rice plants in the sole had 2 
Table 8. Nurnber of p a n i c l e s  plant-1 crf t tlc: > i t >  l t .  ; t r i t i  i 1 1  l t I t ,  i . ~ ! i l  I .  i 
---------------------------------------------------..- 
D a y s  i ~ l ' t , i s r .  ~ t i ~ ;  i 1 1 . :
--- --- - - - - - - - - - - - - - - - - - - - - - - . .  - - 
9 n 1 0 5  1 1 2  I 1 : )  
. . . . . . . . . . . . . . . . . . . . . . . . . .  
Sole r i c e  2 . 0  2 . 0  3 . 0 :$ , I I  
R I C  PPEA 
R I C  SH= r i c e  i n t e r c r o p p e d  w i t h  s o y b c n n  
R I C  PPEA= r i c e  i n t e r c r o p p e d  w i t h  p i g c o n p e n  
p a n i c l e s  p l a n t - ' ,  a l s o  t h e  i n t e r c r o p  r i c e  p l a n t s  i n  t h e  t 1 1 r e u  
r a t i o s  ( 3 : 1 ,  4:1, and 5:l) had 2 p a n i c l e s  p lan t , - '  ( T a b l e  8 ) .  
T h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  i n  number o f  p a n i c l e s  
p l a n t - '  be tween  t h e  s o l e  r i c e  and t h e  i n t e r c r o p  r i c e .  Tire r i c c  
i n t e r c r o p p e d  w i t h  p i g e o n p e a  i n  t h e  t h r e e  r a t i o s  ( 3 : 1 ,  4 : 1 ,  ' ~ ~ l d  
5 :  1 )  a l l  o f  them had 2 p a n i c l e s  p l a n t - ' .  A t  h a r v e s t  o f  t h e  
r i c e  ( 1 1 9  D A S )  t h e  s o l e  r i c e  had 3  p a n i c l e s  p l a n t - 1 .  A l l  t h e  
i n t e r c r o p  r i c e  w i t h  soybean  and w i t h  p i g e o n p e a  i n  t h e  t h r e e  
r a t i o s  t e s t e d  had 3  p a n i c l e s  p l a n t - '  (Tab l r .  8 ) .  
4.11. PANICLE LENGTH (cut) 
The  o b s e r v a t i o n s  o f  t h e  p a n i c l e  1 e n g t h  wcre  recnrdc(1  
s t a r t i n g  from 98 D A S .  T h e r e  was no a n y  s i g n i f  i c a n l  d i ff'er.er~c.c 
i n  t h e  p a n i c l e  l e n g t h  be tween  t h e  s o l e  r i c e  and t h e  i n t , e r c r o p  
r i c e .  A t  98 DAS t h e  s o l e  r i c e  had a  p a n i c l e  l e n g t h  o f  16  cm, 
The r i c e  i n t e r c r o p p e d  w i t h  s o y b e a n  i n  t h e  3 : l  r a t i o  h a d  a 
p a n i c l e  l e n g t h  o f  1 6  cm, 1 5  cm f o r  t h e  r i c e  i n t e r c r o p p e d  w i t h  
s o y b e a n  i n  t h e  4:l r a t i o ,  a n d  t h e  r i c e  i n t e r c r o p p e d  w i t 1 1  
s o y b e a n  i n  t h e  5 : l  r a t i o  had a  p a n i c l e  l e n g t h  o f  15 crn ( T a b l e  
9 ) .  
The r i c e  i n t e r c r o p p e d  w i t h  p i g e o n p e a  i n  t h e  3 :  1 a n d  1: 1 
r a t i o  had a p a n i c l e  l e n g t h  o f  15 cm, and t h e  r i c e  i n  t h e  1:l 
had a  p a n i c l e  l e n g t h  o f  16  cm, 
A t  h a r v e s t  o f  t h e  r i c e  when a g a i n  measured  t h e  p a n i c l e  
l e n g t h  o f  t h e  r i c e  c r o p ,  t h e  s o l e  had a  p a n i c l e  l e n g t h  o f  1 7  
cm. The r i c e  i n t e r c r o p p e d  w i t h  s o y b e a n  had a  p a n i c l e  l e n g t h  o f  
'I'able 9. l J : in ic le  1 e r ~ g t k ~  ( C I I I )  of t k ~ c .  so 1 . t .  ' I I \ C ~  i 1 1 1  t , 1 , 1 ,  t ~ t , ~ ~  I ,  i t  
- ---- ......................... - - - -  - - - - -  - - - - -  - 
I):i)rs :if t t .  t .  S O N  i ris 
------------------------------- .---  
98 1 0 5  1 1 2  I I!) 
--------------------------------------------------- .--  
Sole rice I 87 157 2-12 2110 
R IC PPEA 
R IC SB= rice intercropped with soybean 
R IC PPEA= rice intercropped with pigeonpea 
1 8 ,  1 6 ,  a n d  1 7  cm i n  t h e  3 : 1 ,  4 : 1 ,  a n d  t h e  5 : l  r a t i o  
r e s p e c t i v e l y .  The r i c e  i n t e r c r o p p e d  w i t h  p i g e o n p e a  h a d  a 
p a n i c l e  l e n g t h  o f  1 6 ,  1 8 ,  and 17  crn i n  t h e  3 :  1 ,  4 : 1 ,  and i n  
L 
t h e  5 : l  r a t i o s .  T h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  
p a n i c l e  l e n g t h  be tween  t h e  r i c e  i n t e r c r o p p e d  w i t h  s o y b e a n  and 
t h e  r i c e  i n t e r c r o p p e d  w i t h  p i g e o n p e a  i n  t h e  t h r e e  r a t i o s  
t e s t e d  ( T a b l e  9 ) .  
The o b s e r v a t i o n s  on t h e  number o f  p o d s  h a v e  been  
r e c o r d e d  s t a r t i n g  f r d m  6 5  D A S .  T h e r e  w a s  a s i g n i f i c a n t  
d i f f e r e n c e  i n  number o f  p o d s  be tween  t h e  s o l e  s o y b c u r ~  
and  t h e  s o y b e a n  i n t e r c r o p p e d  w i t h  r i c e .  A t  6 5  DtZS t h c .  snit. 
s o y b e a n  had 17  p o d s  p l a n t - ' .  The soybear)  i n t e r c r o p p e d  w i t h  
r i c e  i n  t h e  3 : l  r a t i o , 4 : l ,  and 5 :  1 r a t i o  had  3 p o d s  p l a n t - 1  
e a c h  ( F i g ,  9 ) .  
T h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  be tween  t h e  d i f f e r e n t  
i n t e r c r o p  s o y b e a n  i n  t h e  number o f  p o d s  p l a n t - 1 .  A t  h a r v e s t  
o f  t h e  s o y b e a n  t h e  s o l e  s o y b e a n  had 43 p o d s  35  p o d s  
p l a n t - '  f o r  t h e  s o y b e a n  i n t e r c r o p p e d  w i t h  r i c e  i n  t h e  3 : l  
r a t i o ,  37 f o r  t h e  4 ; l  r a t i o ,  a n d  t h e  s o y b e a n  i n t e r c r o p p e d  w i t h  
r i c e  i n  t h e  5 :  1 r a t i o  had  35 p o d s  p l a n t - 1  ( F i g .  9 ) .  
4 . 1 3 .  PANICLE DRY WEIGHT g m-2 (RICE) 
O b s e r v a t i o n s  on t h e  number o f  p a n i c l e s  p l a n t - '  h a v e  b e e n  
r e c o r d e d  s t a r t i n g  f r o m  98  D A S .  T h e r e  w a s  n o  s i g n i f i c a n t  
d i f f e r e n c e  i n  p a n i c l e  d r y  w e i g h t  be tween  t h e  s o l e  r i c e  a n d  t h e  
SEM (+) = 14  
- 
65 72 79 86 93 
Days after sowing 
F i 9 . 9 :  Number o f  pods p lan t '1  of t he  so le  and i n t e r c r o p  soybean. 
1 = Sole  soybean. 
2 = Soybean in te rc ropped  w i t h  r i c e  i n  the ( 3 : l )  r a t i o .  
3 = Soybean in te rc ropped  w i t h  r i c e  i n  t he  ( 4 : l )  r a t i o .  
4 = Soybean in te rc ropped  w i t h  r i c e  i n  t he  ( 5 : l )  r a t i o .  
intercrop rice, except the sole rice and the rice intrrcroppc.tl 
with soybean in the 3 : l  ratio. There was also a s i g n i f ' i c a ~ l l  
difference in panicle dry weight between the rice intcrcropp~~~i 
with soybean in the 3:l ratio and in the 4;l ratio. There was 
also a significant difference in panicle dry weight between 
the rice intercropped with soybean in the 3:l ratio and the 
rice intercropped with pigeonpea in the 5: 1 ratio. At 98 DAS 
the sole rice had a panicle dry weight of 87 g I I I - ~ .  Ttre r.ic:e 
intercropped with soybenrr iri the 3 : l  ratio had a p i i n i c . 1 ~ .  dry 
weight of 88 g m-2, 81 g m-2 for the 4:l ratio, and the rice 
intercropped with soybean in the 5:l ratio had a panicle dry 
weight of 89 g m-2 (Table 1 0 ) .  
The rice intercropped with pigeonpea in the 3 : l  ratio t ~ f i ~ i  
a panicle dry weight of 87 g III'~, the rice intercropped with 
pigeonpea in 4:l ratio had a panicle dry weight of 77 g m-21 
and the rice intercropped with pigeonpea in the 5:l ratio had 
a panicle dry weight of 76 g m-2 (Table 10). 
The panicle dry weight of the rice increased, and at 
harvest of the rice (119 DAS) the sole rice had a panicle dry 
weight of 280 g m-2. The rice intercropped with soybean in the 
3: 1 ratio had a panicle dry weight of 461 g m-2, 285 g me2 for 
the rice intercropped with soybean in the 4: 1 ratio, and the 
rice intercropped with soybean in the 5 : l  ratio had a panicle 
dry weight of 325 g m-2. 
There was no significant difference in panicle dry weight 
between most of the intercrops. At harvest of the rice the 
- 3 
Table 1 0 .  Panicle weigh t ;  g ni ' o f  1 . 1 1 ~  s o l  . ~ r l i l  i r l l  < I . G . I . , ~ ~ ,  I . i 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I ) ' I Y S  i ~ 1 . t  ( , I *  < I \ \  i I , ~ ,  
. . . . . . . . . . . . . . . . . . . . . .  
9 8 105 1 1 2  I I !J 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S o l e  r i c e  , 87  1 5 7  2.1 '2 II I?  0 
R I C  PPEA 
R I C  S B =  r i c e  i n t e r c r o p p e d  w i t h  soyt)ean 
R I C  PPEA= r i c e  i n t e r c r o p p e d  w i t h  p i g c o n p e n  
r i c e  i n t e r c r o p p e d  w i t h  p i g e o n p e a  i n  t h e  3 : l  r a t i o  t i ; 1 < 1  
p a n i c l e  d r y  w e i g h t  o f  4 5 0  g I I I - ~ ,  3 0 1  g 111-I)  f o r  t l ~ , '  ~ . i i : ~ :  
i n t e r c r o p p e d  w i t h  p i g e o n p e a  i n  t h e  4 : l  r a t . i o ,  and  1 . h ~  r i c t ~  
I 
i n t e r c r o p p e d  w i t h  p i g e o n p e a  i n  t h e  5 :  1  r a t i o  had  a  p t i ~ i i c l e  d r y  
w e i g h t  o f  279 g m e 2  ( T a b l e  l o ) ,  
4 . 1 4 .  POD DRY WEIGHT g m-2 ( SOYBEAN ) 
T h e r e  was a s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  pod d r y  we igh t  
b e t w e e n  t h e  s o l e  s o y b e a n  a n d  t h e  s o y b e a n  i n t > e r c r o p p e d  w i t h  
r i c e  i n  t h e  t h r e e  r a t i o s  t e s t e d .  The  o b s e r v a t i o n s  o f  t h e  pod 
d r y  w e i g h t  were  r e c o r d e d  s t a r t i r i g  f r o m  65 D A S  i n  whict i  t h e  
s o l e  s o y b e a n  h a d  a pod  d r y  w e i g h t  o f  69  g JTI-~, 3 g rn-2  f o r  t h e  
s o y b e a n  i n  t h e  3 : l  r a t i o ,  2  g m - 2  f o r  t h e  4 :  1 r a t i o ,  nrld tile 
s o y b e a n  i n t e r c r o p p e d  w i t h  r i c e  i n  t h e  5 : l  r a t i o  had  a pod d r y  
w e i g h t  o f  3  g  m-' ( F i g .  l o ) ,  
A t  h a r v e s t  o f  t h e  s o y b e a n  ( 9 3  D A S )  t h e  s o l e  s o y b e a n  had  a 
pod d r y  w e i g h t  o f  249 g  m", 136  g rn-2 f o r  t h e  s o y b e a n  i n  t h e  
3 :  1 r a t i o ,  1 0 3  a n d  8 3  g m-2  f o r  t h e  s o y b e a n  i n t e r c r o p p e d  w i t h  
r i c e  i n  t h e  4 : l  a n d  5 : l  r a t i o s  r e s p e c t i v e l y .  T h e r e  w a s  n o  
s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  t h e  d i f f e r e n t  i n t e r c r o p s  ( F i g .  
1 0 ) .  
4.15. LIGHT INTERCEPTION (X) 
F i g .  11, i l l u s t r a t e s  t h e  f r a c t i o n  o f  l i g h t  i n t e r c e p t i o n  
( f )  o f  t h e  s o l e  r i c e ,  a n d  t h e  i n t e r c r o p p e d  r i c e .  A l l  t h e  
t h r e e  c r o p s  ( r i c e ,  s o y b e a n ,  p i g e o n p e a )  h a d  m a r k e d l y  d i f f e r e n t  
ra tes  o f  c h a n g e  o f  f  w i t h  t ime.  The  s o l e  r i ce  r e c o r d e d  t h e  
65 72 70 86 
Days after sowing 
F ig .10 :  Pod d ry  we ight  ( g  o f  t h e  s o l e  and i n t e r c r o p  soybean. 
1 = Sole soybean. 
2 = Soybean i n t e r c r o p p e d  w i t h  r i c e  i n  t h e  ( 3 : l )  r a t i o .  
3 = Soybean i n t e r c r o p p e d  w i t h  r i c e  i n  t h e  ( 4 : l )  r a t i o .  
4 = Soybean i n t e r c r o p p e d  w i t h  r i c e  i n  t h e  ( 5 : l )  r a t i o .  
h i g h e s t  l i g h t  i n t e r c e p t i o n  compared t o  t h e  int .crc:~-01,s.  :211101rg 
the i n t e r c r o l ) ~  the  r i c e  irltcr.croppt:d w i t . 1 1  + ; o y L ~ t ~ : ~ t ~  i 1) i 1 1 , .  : {  : I 
P 
p a t t e r n  i n t e r c e p t e d  more 1 i g h t  t h a n  t h e  o t h e r  i nt.(?r.cl .ol) ' ; .  
S i m i l a r l y  t h e  r i c e  i n t e r c r o p p e d  w i t h  p i g e o n p e a  .i n I 3 : 1 
p a t t e r n  i n t e r c e p t e d  more l i g h t  compared t o  t h e  rice. i n  t l l c :  
s a m e  i n t e r c r o p  i n  t h e  o t h e r  t w o  p a t t e r n s .  ?'kit. r . icr:  
i n t e r c r o p p e d  w i t h  s o y b e a n  i n  t h e  4 : l  p a t t e r n  h a d  t h e  lowes t -  
1 i g h t  i n t e r c e p t i o n .  The s o l e  r i c e  r e c o r d e d  t h e  h ig:.)~t.sL 
l i g h t  i n t e r c e p t i o n  a t  7 4  DAS ( 7 7 % )  . A l l  t .hc  ~ I I ~ ~ I - C  1.o1.1:; 
r e c o r d e d  t h e  l o w e s t  l i g h t  i n t e r c e p t i o n  a t  68 DAS t11criafLv1. 
i t  i n c r e a s e d .  R i c e  i n t e r c r o p p e d  w i t h  soybetin and L t i c .  ~ , i l . c ~  
i n t e r c r o p p e d  w i t h  p i g e o n p e a  i n  t h e  3 : 1 pat  t c r - r ~  t i r l c ~ l  5 : 1 
p a t t e r n  h a d  h i g h e r  l i g h t  i n t e r c c . l ) t i o n  t t1u11 1 . 1 ~ ~  . i i : i >  
i n t e r c r o p p e d  w i t h  s o y b e a n  o r  p i g e o n p e a  i n  t h e  4 :  1 p > ~ t t c + r ~ ~  
( F i g . 1 1 )  
T h e  s o y b e a n  i n t e r c e p t e d  m o r e  l i g h t  t h a n  the r i c e ,  
s p e c i a l l y  i n  t h e  e a r l y  s t a g e s  o f  t h e  g r o w t h  ( F i g .  1 2 ) .  'I'he 
i n t e r c r o p  s o y b e a n  i n  t h e  3 : l  p a t t e r n  s h o w e d  h i g h e r  l i g h t  
i n t e r c e p t i o n ,  e v e n  more t h a n  t h e  s o l e  c r o p .  The i n t e r c r o p  
s o y b e a n  i n  t h e  4 :  1 and 5 :  1 p a t t e r n s  r e c o r d e d  t h e  l o w e s t  
l i g h t  i n t e r c e p t i o n  i n  6 8  DAS. A l l  t h e  i n t e r c r o p s  
r e c o r d e d  t h e  h i g h e s t  l i g h t  i n t e r c e p t i o n  a t  7 5  DAS, when 
t h e  r i c e  was h a r v e s t e d .  The l i g h t  i n t e r c e p t i o n  o f  a l l  t h e  
i n t e r c r o p s  and t h e  s o l e  c r o p  s t a r t e d  r e d u c i n g  a t  7 7  D A S  d u e  
t o  t h e  s e n e s c e n c e  o f  t h e  l e a v e s  i n  t h e  l a t e r  s t a g e s  o f  the 
g r o w t h  a n d  s u b s e q u e n t  low LA1 d u e  t o  r emova l  o f  r i c e  ( F i g .  
12). 
40 60 80 
Day8 after sowing 
Fig .1  1 :  L i g h t  i n t e r c e p t i o n  (%)  of the r i c e  crop.  
Sole = Sole r i c e  
SB3 = Rice in te rc ropped w i t h  soybean i n  the ( 3 : l )  r a t i o .  
SB4 = R ice  in te rc ropped w i t h  soybean i n  the  ( 4 : l )  r a t i o .  
SB5 = Rllce. in te rc ropped w i t h  soybean i n  the ( 5 :  1) ra t i , o .  
PP3 = Rice in te rc ropped w i t h  pigeonpea i n  the (3 :  1)  r a t i o .  
PP4 = Rice in te rc ropped w i t h  pigeonpea i n  the  ( 4 : l )  r a t i o ,  
PPS = R ice  in te rc ropped w i t h  p i g e ~ n p e a  i n  the (5:1)  r a t i o ,  
Solo 
- - - - - .  
0 20 40 60 80 100 
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Fig.12: L igh t  i n te rcep t i on  (%) of the soybean crop. 
Sole = Sole soybean. 
SB3 = Soybean intercropped w i t h  r i c e  i n  the ( 3 : l )  r a t i o .  
S B ~  = Soybean intercropped w i t h  r i c e  i n  the ( 4 : l )  r a t i o .  
SB5  = Soybean intercropped w i t h  r i c e  i n  the ( 5 :  1) r a t i o .  
Days after sowing 
Fig.13:  L i g h t  i n t e r c e p t i o n  (%) o f  the  pigeonpea crop. 
Sole = Sole pigeonpea. 
PP3 = Pigeonpea in te rc ropped  w i t h  r i c e  i n  the  ( 3 : l )  r a t i o .  
P P ~  = Pigeonpea in te rc ropped  w i t h  r i c e  i n  the (4:1) r a t i o .  
PP5 = Pigeonpea in tercropped w i t h  r i c e  i n  the  ( 5 : l )  r a t i o .  
The light interception of the p i g e o l ~ p c n  w , i s  h i g h r , r -  t t l , t ~ ~  
that of soybean and rice (Fig, 13). All the i11Lercrol1s 
had higher light interception than sole rice up to 7.1 D A S  
, 
when the rice was harvested. Again here in the intercrol, 
pigeonpea in the 3:l pattern had higher light interception 
than the other intercrops through all the time and the sole 
crop sometimes. The light interception of all the conponents 
declined after 170 DAS due to reduction in the leaf area and 
the L A 1  (Fig. 13). 
4 . 1 6 .  GRAIN YIELD kg ha-' 
There was a significant difference in yield between t . l ~ c ?  
sole rice and the intercrop rice. The sole rice gave a g r a i r l  
yield of 1942 kg ha-I. The rice intercropped with soybean in 
the 3:l gave a grain yield of 1096 kg ha-', 1009 for intercrop 
rice in the 4:l ratio and the intercrop rice in the 5:l ratios 
gave a yield of 1166 kg ha' (Fig. 14). 
The rice intercropped with pigeonpea in the 3:l ratio 
gave a grain yield of 1005 kg ha-', 943 kg ha-' for the rice 
intercropped with pigeonpea in the 4:l ratio, and the rice 
intercropped with pigeonpea in the 5:l ratio gave a grain 
yield of 1156 kg ha. There was no significant difference in 
grain yield between the rice intercropped with soybean and the 
rice intercropped with pigeonpea (Fig, 14). 
There was a significant difference in grain yield between 
the sole soybean and the intercropped soybean. The sole 
soybean gave a grain yield of 1913 kg ha-'. The intercropped 
SEM (+) = 65 
- 
Fig.14: Comparison between the y i e l d  o f  the so l e  and i n t e r c r o p  r i c e <  
1 = Sole r i c e .  
2 = Rice in tercropped w i t h  soybean i n  the ( 3 : l )  r a t i o .  
3 = Rice in tercropped w i t h  soybean i n  the  ( 4 : l )  r a t i o .  
4 = Rice in tercropped w i t h  soybean i n  the  ( 5 : l )  r a t i o .  
5 = R ice  in tercropped w i t h  pigeonpea i n  the ( 3 : l )  r a t i o .  
6 = Rice in tercropped w i t h  pigeonpea i n  the ( 4 : l )  r a t i o .  
7 = Rice in tercropped w i t h  pigeonpea i n  t he  ( 5 : l )  r a t i o .  
S E M  (+) 
- - . -- - . ..-. - 
F ig.15:  Comparison between t h e  y i e l d  o f  t h e  s o l e  and i n t e r c r o p  soybean. 
1  = Sole soybean. 
2 = Soybean i n te rc ropped  w i t h  r i c e  i n  t h e  ( 3 : l )  r a t i o .  
3 = Soybean i n te rc ropped  w i t h  r i c e  i n  t he  ( 4 : 1 )  r a t i o .  
4 = Soybean i n te rc ropped  w i t h  r i c e  i n  t h e  ( 5 : l )  r a t i o .  
Fig.16: Comparison between the  y i e l d  o f  t he  so le  and i n t e r c r o p  
p igeonpea. 
1 = Sole pigeonpea. 
2 = Pigeonpea in te rc ropped  w i t h  r i c e  i n  t h e  ( 3 : l )  r a t i o .  
3 = Pigeonpea in te rc ropped  w i t h  r i c e  i n  the ( 4 : l )  r a t i o .  
4 = Pigeonpea in te rc ropped  w i t h  r i c e  i n  t h e  ( 5 : l )  r a t i o .  
s o y b e a n  i n  t h e  3 : l  r a t i o  g a v e  a y i e l d  o f  1212  kg  h a - ' ,  950 k g  
ha - '  was t h e  y i e l d  o f  t h e  i n t e r c r o p p e d  s o y b e a n  i n  t h e  - ! : I  
r a t i o ,  a n d  t h e  i n t e r c r o p p e d  s o y b e a n  i n  t h e  5 : l  r a t i o  g a v e  :I 
y i e l d  o f  1 0 7 1  kg ha" ( F i g .  1 5 ) .  
T h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  y i e l d  b r t w c ~ t ~ ~ i  
t h e  s o l e  p i g e o n p e a  a n d  t h e  i n t e r c r o p p e d  p i g e o n p e n .  T h e  s o l e  
p i g e o n p e a  g a v e  a y i e l d  o f  1 0 8 4  k g  h a - ' ,  t h e  i n t e r c r o p l l e d  
p i g e o n p e a  i n  t h e  3 : l  r a t i o  g a v e  a y i e l d  o f  1059  k g  ha - ' ,  9 7 3  
kg  ha- '  w a s  t h e  y i e l d  o f  t h e  p i g e o n p e a  i n  t h e  4 :  1  r a t i o ,  a n d  
t h e  i n t e r c r o p p e d  p i g e o r i p e a  i n  t h e  5 : l  r a t i o  ga\.e \ - i c > l c l  o f  
1010  kg  ha-' ( F i g .  1 6 ) .  
4 . 1 7 .  TOTAL AND PARTIAL LAND EQUIVALENT HAT TO ( LICR ) 
T a b l e  1 1 ,  shows t h e  f i n a l  y i e l d  o f  t h e  t h r e e  s c 1 1 1 .  
c r o p s ,  t h e i r  r e s p e c t i v e  i n t e r c r o p  y i e l d s ,  p a r t i a l  L E R ' s ,  and  
t h e  t o t a l  L E R ' s .  T h e  i n t e r c r o p  p i g e o n p e a  r c c o r d ~ d  t h e  
h i g h e s t  p a r t i a l  LER ( 0 , 9 8 )  f o l l o w e d  by t h e  o t h e r  i n t e r c r o p s  
w h i c h  r e c o r d e d  a l m o s t  s i m i l a r  p a r t i a l  1 , E R ' s .  T h c  
c o m b i n a t i o n  o f  r i c e  i n t e r c r o p p e d  w i t h  p i g e o n p e a  i n  t h e  5 : l  
r a t i o  g a v e  t h e  h i g h e s t  t o t a l  LER ( 1 . 5 3 )  i n d i c a t i n g  t h a t  t h e r e  
was a n  y i e l d  a d v a n t a g e  o f  53% o v e r  t h e  s o l e .  R i c e  i n t e r c r o p p e d  
w i t h  s o y b e a n  g a v e  a t o t a l  LER o f  1 . 1 9 ,  1 . 0 2 ,  a n d  1 . 1 6  i n  t h e  
3 : 1 ,  4 : 1 ,  a n d  5 : l  r a t i o s  r e s p e c t i v e l y  e x h i b i t i n g  y i e l d  
a d v a n t a g e  o f  1 9 % ,  2 % )  a n d  1 6  % r e s p e c t i v e l y  o v e r  t h e  s o l e  c r o p  
( T a b l e  1 1 ) .  
T h e  L E R  o f  t h e  r o o t s  a l s o  was c a l c u l a t e d ,  t h e  
i n t e r c r o p p e d  r i c e  r e c o r d e d  t h e  h i g h e s t  p a r t i a l  LER ( 0 . 9 8 )  a n d  
Table 11. Total and partial land e c l u  i v a l t . r ~ t  ritt ( l , l<: l?)  ( I  I' 1 1 1 %  
yicld of different crops 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - -  
Yield (kg ha-') Part, i t ~ 1  I,I<It ' 1 ' ~ ) t  ' I  I L , \ 1 2 1 (  
--------------------------------------------------------------. 
Sole crops 




( 3 : l )  ratio 
Ricetsoybeun rice 1094 
soybean 1212 
Ricetpigeonpea rice 1005 
pigeonpea 1059 
14:l) ratio 
Ricetsoybeun rice 1.009 
soybean 950 
Ricetpigeonpea rice 94 3 
pigeonpen 9 7 3 
( ! ? : I  ratio 
Ricetsoybean rice 1166 
soybean 1071 
Ricetpigeonpea rice 1156 
pigeonpea 1010 
1 .  l t i  
the intercropped rice with pigeonpea recorded t h e  lowcst 
partial L E R  ( 0 . 7 8 ) .  The intercropped rice wi t t i  soybcari 
recorded the highest total LER ( 1 . 8 8 )  indicating a root growth 
advantage of 88% over the sole crop. The rice interc:ro~~l)ed 
with pigeonpea gave a total LER of ( 1 . 6 5 )  indicating a root 
growth advantage of 65% over the sole (Table 12). 
4.18. DAYS TO 50% FLOWERING AND DAYS TO MATURITY 
The rice cultivar IET 9 2 2 5  which was used in the 
experiment, reached 50% flowering at 80  DAS. Both the sole and 
the intercrop reached 50% flowering at the same time, this 
indicated that the intercrop did not affect the flowering of 
the crop. The length of the grain filling pcriod was ahout 30 
days. The crop took 110  days to come to maturity startirig 
from the sowing day, 
The soybean variety Hardee, reached 50% flowering at 4 7  
DAS. The intercrop reached 50% flowering at 5 1  DAS. The growth 
of the crop was fast and it took 9 0  days to come to maturity. 
The length of the reproductive stage was about 37 days. 
The pigeonpea variety ICP 1-6 reached 50% flowering at 
1 3 0  DAS.  The sole and the intercrop reached 50% flowering at 
the same time. The crop reached maturity at about 1 8 0  DAS.  
The length of the reproductive period was about 45 days. 
4.19. OXYGEN IN THE SOIL 
Glass tubes were placed in the field, in the plots of 
both soybean and pigeonpea, in three depths (5 cm, 10 cm, and 
Table 12, Total and part i ,al  l a n d  uc1nii.a1,~:111 i ;rI,  i o  [ i ,bl:) 0 1 '  I II, 
roots o f  different crops 






Rice tsoybean r i ce  2 , 0 1  
soybeun 2 , 1 6  
20 cm), to study the effect of waterlogging on t h e  g r o ~ t h  
of these crops. The tubes were not p i i t  in Lhc  I ~ L L , I ~  C L I I ( I  
pigeonpea p1,ots because it was assumed that t h e  crqop is 
tolerant to low soil air and waterlogging. The glass tubes 
which were placed in the pigeonpea plots were unfortunately 
broken in the processes of the field work. 
The sole soybean crop exhibited considerable tolerance 
to low soil air. Study of the rooting behavior revealed that 
the soybean roots were mostly placed at the upper 10-30 cm 
depth of the soil (Fig. 17a and b). Whenever the rainfall was 
high (Standard week 33 with 136 .2  mm) oxygen level was zero at 
20 cm soil depth and waterlogging prevailed ~ t r ~ d  cont irruc-ti 1 ' 0 1 .  
5 days, but still soybean crop was growing satisftrcto~.ily. 
This indicated that the crop was resistant to waterlogged 
condition. Even as an intercrop soybean had performed well 
under oxygen deficiency condition in the soil (Fig. 17a and 
b). 
4 . 2 0 .  ROOT LENGTH AND DEPTH 
The rice crop had higher root length in the upper 1 0  cm 
depth of the soil and it had about 5.96 m of root length. 
The root depth was reducing in the lower depths and the crop 
maintained 3 , 0 6  rn in the 20 cm depth and 0.70 m in the 30 
cm depth. This showed a considerable difference of the length 
of the rice roots in the different depths (Fig. 18a). The 
length of roots in the sole rice was not significantly 
different from the length of the roots of the intercrop rice 
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F i g .  17b: Oxygen concen t ra t ion  (%) i n  the roo t  zone of t h e  i n t e r c r o p  
soy bean. 
( F i g .  1 8 b ) .  The s o l e  r i c e  had r o o t  l e n g t h  o f  2 . 1 1  rn comparcd  
t o  2 . 0 7  m f o r  t h e  r i c e  i n t e r c r o p p e d  w i t h  s o y b e a n ,  and 1 . 6 5  111 
f o r  t h e  r i d e  i n t e r c r o p p e d  w i t h  p i g e o n p e a .  
The s o y b e a n  had  d e e p e r  r o o t s  t h a n  t h o s e  o f  t h e  r i c e  
( F i g .  1 8 c ) ,  However ,  t h e  s o y b e a n  a l s o  m a i n t a i n e d  most  of 
i t s  r o o t s  i n  t h e  u p p e r  10  cm ( 5 . 4 3  m ) ,  b u t  i t  had a l s o  0 . 6 0  
m r o o t  l e n g t h  i n  t h e  40  cm d e p t h .  The s o l e  s o y b e a n  had  
s l i g h t l y  h i g h e r  r o o t  l e n g t h  ( 2 . 3 9  m )  t h a n  t h e  i n t e r c r o p  
s o y b e a n  ( 2 . 1 6  m ) .  
The p i g e o n p e a  had e v e n  d e e p e r  r o o t s .  The  r o o t s  o t' 
t h e  p i g e o n p e a  r e a c h e d  a t  50 cm a n d  h a d  1 . 1 3  m .  The s o l e  
p i g e o n p e a  had  r o o t  l e n g t h  o f  3 . 5 3  in compared t o  3 . 0 7  m f o r  t h e  
i n t e r c r o p  ( F i g .  1 8 d ) .  
10 20 30 40 50 
Depth (cm) 
F i g . 1 8 a :  Comparison between t h e  root  l ength  of  the  var ious  
crops i n  the var ious  depths.  
SB = Soybean 
PPEA = Pigeonpea 
SEM (+) - = 0.14 
~ i g .  l 8b :  Comparison between the  roo t  l e n g t h  o f  t h e  s o l e  and 
i n t e r c r o p  r i c e .  
1 = Sole r i c e  
2 = Rice in te rc ropped w i t h  soybean. 
3 = Rice in te rc ropped w ibh pigeonpea. 
~ i ~ . 1 8 c :  Comparison between t he  roo t  leng th  of the so le  and i n t e r c rop  
soybean. 
1 = Sole soybean. 
2 = ln te rc rop  soybean. 
SEM (+) - = 0.28 
Fig.18d: Comparison between the roo t  length o f  the so le  and in te rc rop  
pigeonpea. 
1 = Sole pigeonpea. 
2 = I n te r c rop  pigeonpea. 
DISCUSSIONS 
CHAPTER V 
D I S C U S S I O N S  
5.1. CROP GROWTH AND STAND 
All the crops under study had established satisfactorily 
and the stand was normal even though rice was sown before the 
legumes, 
Rainfall during the experimental period was adequate 
(607.7 mm), even though its distribution was erratic (24.4% of 
the total rainfall received in week 33). Because upland rice 
depends entirely on rainfall for its moisture supply, both the 
amount and distribution of rainfall are irnporttlnt ( J u n e  e t  
al. 1971). 
There were more number of rice plants m'2 than expected, 
this could be due to some extra plants which emerged after the 
initial thinning, The soybean had the specified number of 
plants. The pigeonpea was lower than expected, due to the 
mortality caused by wilt disease and waterlogging. 
The number of tillers of rice in both sole and intercrop 
treatments were almost same probably because the rice was 
established well before the legumes. 
High tillering capacity is a desirable feature to 
increase the yield potential of upland rice varieties, because 
the low tillering capacity is restraint to higher yields in 
most of upland rice varieties (IRRI 1971; Ono 1971; Jana et 
a l .  1 9 7 1 ;  A b i f a r i n  e t  al. 1 9 7 2 ;  chang  e t  a l ,  1972;  De D a t t a  e t  
a l .  1972 ;  Kawano e t  al. 1 9 7 2 ) .  The t i l l e r i n g  of  t h e  r i c e  c r o p  
was l a t e ,  p r o b a b l y  t h i s  c o u l d  be  t h e  r e a s o n  o f  poor  y i e l d ,  
t h i s  i s  i n  a g r e e m e n t  o f  t h e  f i n d i n g s  o f  De D a t t u  e t  a l .  
( 1 9 7 2 ) ,  when t h e y  r e p o r t e d  t h a t  p l a n t s  w h i c h  t i l l e r  l a t e  
p r o d u c e  s m a l l  p a n i c l e s  o r  n o t  a t  a l l  l e a d i n g  t o  i n e f f i c i e n t  
u s e  o f  s o i l  m o i s t u r e  and c o n s e q u e n t  y i e l d  r e d u c t i o n .  
The number o f  b r a n c h e s  p l a n t - '  o f  t h e  s o l e  s o y b e a n  was 
l o w e r  t h a n  t h e  i n t e r c r o p ,  b e c a u s e  i n t e r c r o p  r i c e  w a s  l e s s  
c o m p e t i t i v e  t h a n  s o y b e a n  i n  t h e  e a r l y  s t a g e s .  T h i s  r e f l e c t e d  
i n  t h e  l i g h t  i n t e r c e p t i o n  d a t a  w h i c h  s h o w e d  t h a t  s o y b e a n  
r e a c h e d  50% i n t e r c e p t i o n  a t  25 DAS c o ~ n p a r e d  t,o 38 DAS b y  I-ice., 
Thus i n d i c a t i n g  t h a t  i n t e r c r o p p i n g  n ~ n x i ~ n i z e s  u s e  o f  ~ i r \ t . t ~ r u l .  
r e s o u r c e s  s u c h  a s  l i g h t  ( W i l l e y  1 9 7 9 ) .  
The b r a n c h i n g  o f  t h e  p i g e o n p e a  showed t h e  same t r e n d  a s  
t h e  s o y b e a n .  I n  t h e  e a r l y  s t a g e s  t h e  s o l e  and t h e  i n t e r c r o p  
were  same b u t  i n  t h e  l a t e r  s t a g e s  t h e  i n t e r c r o p s  had h i g h e r  
number o f  b r a n c h e s  p l a n t - 1 .  
The s o l e  r i c e  a n d  t h e  i n t e r c r o p  r i c e  had similar l e a f  
a r e a  and LAI. S i n c e  t h e  legume c r o p s  were  o n l y  i n  o n e  row,  
t h i s  i n d i c a t e s  t h a t  t h e  l egumes  had  a minor  a f f e c t  t h e  l e a f  
a r e a  and  LA1 o f  t h e  r i c e ,  
The  t r e n d  o f  t h e  l e a f  a r e a  d e v e l o p m e n t  a n d  t h e  l i g h t  
i n t e r c e p t i o n  were  d i f f e r e n t  f o r  a l l  t h o s e  c r o p s .  The LA1 o f  
r i c e  was r e f l e c t i n g  u n a f f e c t e d  by i n t e r c r o p p i n g ,  t h i s  was i n  
a g r e e m e n t  w i t h  t h e  f i n d i n g s  o f  Ramakr i shna  and Ong (1991), 
However t h e  s o l e  r i c e  c r o p  i n t e r c e p t e d  Inore l i g h t  t h a n  t h e  
i n t e r c r o p ,  and t h i s  c o u l d  be d u e  t o  t h e  s h a d i n g  e f f e c t  o f  t h e  
i n t e r c r o p  1,egume on t h e  r i c e ,  e s p e c i a l l y  i n  t h e  e a r l y  s t a g e s  
o f  g rowth  due  t o  t h e i r  s i m i l a r  h e i g h t s .  L A 1  o f  t h e  s o l e  r i c e  
a n d  t h e  i n t e r c r o p  f e l l  down a t  1 0 5  D A S  b e c a u s e  o f  t h e  
s e n e s c e n c e  o f  t h e  l e a v e s ,  and  t h e  c r o p  was a p p r o a c h i n g  t o w a r d s  
m a t u r i t y .  
The s o l e  soybean  had a  h i g h e r  L A 1  t h a n  t h e  i n t e r c r o p s  i n  
d i f f e r e n t  p l a n t i n g  p a t t e r n s ,  b u t  had more o r  l e s s  s i m i l a r  
l i g h t  i n t e r c e p t i o n  w i t h  i n t e r c r o p  s o y b e a n  i n  t h e  3 : l  
p a t t e r n ,  t h i s  c o u l d  be  d u e  t o  t h e  compact canopy of  t h e  
soybean  c r o p ,  and t h e  mutua l  s h a d i n g  o f  t h e  l e a v e s .  T h i s  
e x p l a i n s  t h e  e f f i c i e n t  l i g h t  i n t e r c e p t i o n  o f  t h e  3 : l  
p l a n t i n g  p a t t e r n  c a n o p y .  I n  b o t h  s o l e  and i n t e r c r o p  soybean  
L A 1  f e l l  due  t o  t h e  s e n e s c e n c e  o f  t h e  l e a v e s  a f t e r  7 9  D A S .  
The p i g e o n p e a  l e a f  a r e a  deve lopment  showed t h a t  a t  t h e  
e a r l y  s t a g e s  o f  g rowth  L A 1  was low b u t  l a t e r  on i t  had 
i n c r e a s e d .  T h e  t r e n d  o f  l i g h t  i n t e r c e p t i o n  o f  t h e  
p i g e o n p e a  was n o t  c l e a r  d u e  l e a v e  d a m a g e  c a u s e d  b y  
H e l i c o v e r p a  a r m i a e r a .  
P l a n t  h e i g h t  o f  r i c e  i n  b o t h  s o l e  and  i n t e r c r o p  were  
a l m o s t  s i m i l a r ,  and  i t  was t a l l e r  t h a n  t h o s e  o f  s o y b e a n  and  
p i g e o n p e a  i n  t h e  e a r l y  s t a g e s  o f  g r o w t h ,  The s o l e  s o y b e a n  
was s l i g h t l y  t a l l e r  compared t o  i n t e r c r o p  soybean  s p e c i a l l y  
a f t e r  65 D A S ,  w h e r e a s ,  t h e  h e i g h t  o f  p i g e o n p e a  was a l m o s t  t h e  
same u p  t o  93  DAS i n  b o t h  s o l e  c r o p  and  i n t e r c r o p .  I n  t h i s  
s t u d y  d i f f e r e n c e s  i n  p l a n t  h e i g h t  o f  r i c e  a n d  l e g u m e s  a r e  
t h e r e f o r e  n o t  i m p o r t a n t  i n  d e t e r m i n i n g  c o m p e t i t i o n  between t h e  
component s p e c i e s  a l t h o u g h  Ramakrishna e t  a l .  ( 1 9 9 1 )  c o n c l u d e d  
, 
t h a t  d i f f e r e n c e s  i n  c o m p e t i t i v e  a b i l i t y  o f  p i g e o n p e a  i s  
c l o s e l y  r e l a t e d  t o  h e i g h t ,  C h a r l e s  ( 1 9 7 7 )  r e l a t e d  p l a n t  
h e i g h t  w i t h  r o o t i n g  d e n s i t y .  
S o l e  r i c e  a n d  i n t e r c r o p  r i c e  h a d  a l m o s t  s i m i l a r  l e a f ,  
s t e m ,  and  t o t a l  d r y  w e i g h t ,  i n d i c a t i n g  t h a t  p l a n t i n g  p a t t e r n  
d i d  n o t  a f f e c t  t h e  b iomass  p r o d u c t i o n  o f  t h e  r i c e  c r o p .  
These  o b s e r v a t i o n s  l e n d  s u p p o r t  t o  t h e  f i n d i n g s  made by  
R a m a k r i s h n a  a n d  Ong ( 1 9 9 1 ) ,  who r e p o r t e d  t h a t  r i c e ,  tis 21n 
i n t e r c r o p  w i t h  l e g u m e s ,  was a b l e  t o  i n t e r c e p t  m o r e  1 i g h t  
e n e r g y  d u r i n g  e a r l y  s t a g e s  o f  i t s  g r o w t h  when t h e  s o i l  i s  
s a t u r a t e d .  
The  t r e n d  o f  d r y  m a t t e r  p r o d u c t i o n  i n  l e g u m e s  was  
d i f f e r e n t  t o  t h a t  o f  r i c e .  The s o l e  soybean  p r o d u c e d  h i g h e r  
d r y  m a t t e r  t h a n  t h a t  i n t e r c r o p ;  b e c a u s e  o f  a  h i g h e r  L A 1  and  
c o n s e q u e n t l y  h i g h  l i g h t  i n t e r c e p t i o n .  The s o y b e a n  g a v e  a 
h i g h e r  d r y  m a t t e r  t h a n  t h e  p i g e o n p e a  up  t o  t h e  t i m e  o f  t h e  
h a r v e s t  o f  t h e  f o r m e r  b u t  t h e  p i g e o n p e a  c o n t i n u e d  i t s  g r o w t h  
up  t o  184 d a y s .  
5 . 2 .  YIELD 
I n  b o t h  i n t e r c r o p p i n g  s y s t e m s  t h e  y i e l d  o f  i n t e r c r o p p e d  
r i c e  was r e d u c e d  by 4 3 - 4 6 3  compared t o  t h e  s o l e  s t a n d  a l t h o u g h  
t h e  n u m b e r  o f  p a n i c l e s  p e r  p l a n t  were u n a f f e c t e d .  T h i s  
evidence suggests that the reduction in rice yield occurred 
during the grain filling period, which may be a consequence of 
the delayed sowing of the legumes. Simultaneous sowing of the 
rice and legumes had resulted in a similar reduction in rice 
yield (Ramakrishna and Ong 1 9 9 1 ) .  However, the intercropping 
of upland rice with grain legumes need not necessarily 
result a substantial reduction of the productivity of the 
intercrop rice in order to provide a high intercrop 
advantage, Recent work at ICRISAT shows that the selection of 
a suitable canopy structure is important and light extinction 
coefficient of 0.64 is suitable. 
The intercrop pigeonpea had a partial LER of 0.98 wtiic~li 
was the highest for the intercrops. Suhu ~t t t 1 .  (1988) 
reported a partial LER of 0 . 8 8  from pigeonpea and Ramakrishriu 
and Ong ( 1 9 9 1 )  reported a partial LER of 0 . 9 4  from rice. ?'he 
rice/pigeonpea system gave a total LER of 1 . 5 3  which closer to 
the LER reported by Choudhury ( 1 9 7 9 )  which is ( 1 , 6 4 )  in the 
same system, By delaying the sowing of pigeonpea there was 
less overlap in the growth period of the two species compared 
to simultaneous sowing of both crops. In addition there is 
evidence from study that the root systems of rice and 
pigeonpeas were able to explore different parts of the soil 
profile for moisture and nutrients, This is particularly 
important during the post-rainy season when the top soil had 
dried out and the pigeonpea continued to grow using residual 
soil moisture. In the top 20 cm where most of the rice roots 
are located there was a substantial increase in root density 
but unlikely to influence competition during the rainy season 
when water and nutrient are not limiting growth. This is i t 1  
agreement yith the findings of (Charles 1 9 7 7 )  which got 
similar results. 
There is little economic information on upland rice 
intercropping because it is usually a subsistence system (Wade 
and Sanchez 1 9 7 6 ) .  Choudhury ( 1 9 7 9 )  found that growing upland 
rice t pigeonpea was more profitable than growing them in 
monoculture. 
SUMMARY 
CHAPTER V I  
SUMMARY 
Uplarici r i c e  was g rown o n  tk~rc . ia  r o r l t  I r1c.11 l * , I L 1 1 1 )  
srnal l  o r  s u b s i s t e n c e  f a r m e r s  i n  t,Ilth p o o r ~ s  t rtLg  I o n c  o f  t i 1 ( 1  
w o r l d .  G r a i n  y i e l d s  a r e  g e n e r a l ] : ,  l ow,  r a n g i n g  fro111 0.1, t o  
- 1 1 5 t I i A s i a ;  a b o u t  0 .  5 t ha  i n  Afric-<i;  a r ~ d  ~ ~ , J I I ,  I t ( 1  
4 t ha- '  i n  L a t i n  Anler ice~.  Hut t . h ~  arcAtt ] ~ l ~ \ r l l  t ~ c l  I n  u1)1<~1111 
r i c e  i s  s o  l a r g e  ( n e a r l y  a s i s t l i  o f  t h e  wor*l t l ts  t o t a l  r i c e  
l a n d )  t h a t  e v e n  a s m a l l  i n c r e a s e  i n  yield w i l l  s ~ i b s t a n t  l a1  l y 
i n f l u e n c e  t o t a l  p r o d u c t i o n .  
Upland r i c e  i s  g r o h n  under. wide r.<irtgts U S  i . o ~ l ~ i i l  l o l l L  
f rom s h i f t i n g  c u l t i v a t i o n  i n  !i.l;ilaysia, t l l t .  I'hj 1 i l ) l ) i r~ tas ,  W t h ~ t  
A f r i c : ~ ,  and P e r u ,  t o  h i g h l y  mechan ized  s y s t e m s  i n  [ ) a r t c ,  o f  
L a t i n  Amer ica .  S o i l  t y p e s  v a r y  f rom i n f e r t i l e  a c i d  i n  West 
A f r i c a  t o  O s i s o l  i n  t h e  L l a n o s  O r i e n t a l e s  r e g i o n  o f  sout11 
A m e r i c a  t o  f e r t i l e  a c i d  s o i l  f r o m  v o l c a n i c  t u f f  i n  t h e  
P h i l i p p i n e s  t o  s a l i n e  s o i l  i n  t h e  c o a s t a l  a r e a s  o f  I n d i a .  
I n  I n d i a  u p l a n d  r i c e  i s  u s u a l l y  r a i s e d  d u r i n g  t h e  l i h a r i f  
( w e t )  s e a s o n  u n d e r  r a i n f e d  c o n d i t i o n s  i n  t h e  h i s h l a n d s .  F i e l d s  
may o r  may n o t  b e  b u n d e d .  B e c a u s e  o f  t o p o g r a p h y  a n d  h i g h  
p o r o s i t y ,  s o i l s  may be  w a t e r l o g g e d  f o r  s h o r t  p e r i o d s  o f  2 - 3  
d a y s .  Upland r i c e  is  a l s o  c a l l e d  autumn r i c e  b e c a u s e  t h e  c r o p  
is d i r e c t  s e e d e d  u n d e r  d r y  c o n d i t i o n s  i n  May-June and r e m a i n s  
i n  t h e  f i e l d  u n t i l  h a r v e s t  i n  S e p t e m b e r  t o  e a r l y  O c t o b e r  
(Maurya a n d  V a n i s h  1 9 8 4 ) .  
An e x p e r i m e n t  was l a i d  o u t  a t  ICH'ISA?' C e n t e r  ( I n d i a )  i r i  a 
s p l i t  p l o t  d e s i g n  w i t h  t h r e e  p l a n t i n g  p a t t e r n s  ( 3 : 1 ,  4 : 1 ,  5 : 1  ) 
a s  a  main p l o t  and r i c e ,  s o y b e a n ,  and p i g e o n p e a  cultivnrs :is 21 
, 
s u b - p l o t .  
T o t a l  r a i n f a l l  a t  ICRISAT c e n t e r  d u r i n g  t h e  e s p c r i m e n t a l  
p e r i o d  was 6 0 7 . 7  m m .  T h e r e  was no d r o u g h t  s t r e s s  i n  t h e  e a r l y  
s t a g e s  o f  t h e  c r o p  g r o w t h ,  b u t  t h e r e  was a s h o r t  drought ,  s p e l l  
t o w a r d s  t h e  end o f  t h e  y e a r  1 9 9 0 ,  and d u r i n g  t h e  f i r s t  week of  
1991 ,  and t h e  c r o p  was g i v e n  two i r r i g a t i o n s  d u r j n g  t h a t  t , in~e,  
Number o f  p l a n t s  o f  t h e  r i c e  c r o p  i n  b o t h  s o l ( .  a n d  
i n t e r c r o p  w e r e  d i f f e r e n t  f r o m  t h e  e x p e c t e d  d u e  t o  t h e  
e m e r g e n c e  o f  sorrle p l a n t s  a f  tibr t1lo i n i t  i;r 1. t l i i  n n  i n g ,  'I'Ilc. 
soybean  had c r o p  had a l n i o s t  t h e  e x p e c t e d  n u ~ n b ~ r  o f p l r i n t s  i r l  
both s o l e  and  t h e  i n t e r c r o p .  The number o f  p l a n t s  o f  t h e  s o l e  
and i r l t e r c r o p  p i g e o n p e a  were  l e s s  t h n n  t h e  e x p e c t e d  number of  
p l a n t s  d u e  t o  t h e  m o r t a l i t y  o f  some  p l a n t s  d u e  t o  w i l t  
d i s e a s e .  
Number o f  t i l l e r s  p l a n t - 1  o f  t h e  s o l e  and i n t e r c r o p  r i c e  
w e r e  s a m e  b e c a u s e  t h e  r i c e  e s t a b l i s h e d  w e l l  b e f o r e  t h e .  
l egumes .  The number o f  b r a n c h e s  p l a n t  o f  t h e  s o l e  s o y b e a n  and 
p i g e o n p e a  were  h i g h e r  t h a n  t h e i r  r e s p e c t i v e  i n t e r c r o p s ,  
T h e r e  w a s  no s i g n i f i c a n t  d i f f e r e n c e  i n  L A 1  be tween  t h e  
s o l e  a n d  i n t e r c r o p  r i c e .  L A 1  o f  t h e  s o l e  r i c e  a n d  t h e  
i n t e r c r o p  f e l l  down a t  105 D A S  b e c a u s e  o f  t h e  s e n e s c e n c e  o f  
t h e  l eaves ,  and  c r o p  was a p p r o a c h i n g  t o w a r d s  m a t u r i t y .  S i n c e  
t h e  legume c r o p s  were  o n l y  i n  o n e  row,  t h i s  i n d i c a t e s  t h a t  t h e  
legumes had a minor  e f f e c t  on t h e  l e a f  a r e a  dcvelopn~crit . 'l'i~e 
LA1 o f  t h e  s o l e  s o y b e a n  was h i g h e r  t h a n  t h a t  o f  t h e  i r \ t . e rc r*op ,  
t h i s  i s  p r o b a b l y  d u e  t o  t h e  m u t u a l  s h a d i n g  o f  t h e  rjcca itnd t;hc 
t 
s o y b e a n .  The s o l e  p i g e o n p e a  had a l m o s t  t h e  %alee L A 1  o f  t h r  
i n t e r c r o p .  
T h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  between t h e  s o l e  n ~ ~ d  
i n t e r c r o p  r i c e  i n  p l a n t  h e i g h t ,  The s o l e  soybeari  h a s  sl i g h t l y  
t a l l e r  t h a n  t h e  i n t e r c r o p .  T h e  s o l e  a n d  t h e  i n t e r c r o l )  
p i g e o n p e a  h a d  a l m o s t  s i m i l a r  p l a n t  h e i g h t .  I n  t h i s  s t u d y  
d i f f e r e n c e  i n  p l a n t  h e i g h t  o f  r i c e  and legumes a r e  t h e r e f o r e  
n o t  i m p o r t a n t  i n  d e t e r m i n i n g  c o m p e t i t i o n  between the  c o n ~ p o n e r ~ t  
s p e c i e s .  
The s o l e  a n d  i n t e r c r o p  r i c e  h a d  a l m o s t  s imi l a r  l c a f ,  
s t e m ,  and t o t a l  d r y  m a t t e r ,  i n d i c a t i n g  t h a t  p l a n t i n g  p a t t e r n  
d i d  n o t  a f f e c t  t h e  b i o m a s s  p r o d u c t i o n  o f  t h e  r i c e  c r o p .  
T h e  t r e n d  o f  d r y  m a t t e r  p r o d u c t i o n  i n  l e g u m e s  w a s  
d i f f e r e n t  t o  t h a t  o f  r i c e ,  t h e  s o l e  s o y b e a n  p r o d u c e d  h i g h e r  
d r y  m a t t e r  t h a n  t h a t  o f  t h e  i n t e r c r o p ;  b e c a u s e  o f  a h i g h e r  L A T  
and  c o n s e q u e n t l y  h i g h  l i g h t  i n t e r c e p t i o n .  The soybean  g a v e  ti 
h i g h e r  d r y  m a t t e r  t h a n  p i g e o n p e a  u p  t o  t h e  t i m e  o f  t h e  h a r v e s t  
o f  t h e  f o r m e r  b u t  p i g e o n p e a  c o n t i n u e d  i t s  g r o w t h  u p  t .o 184 
d a y s ,  
Number o f  p a n i c l e s  p l a n t - 1  o f  t h e  s o l e  and i n t e r c r o p  r i c e  
h a v e  b e e n  r e c o r d e d  s t a r t i n g  f r o m  9 8  D A S .  T h e r e  was n o  
s i g n i f i c a n t  d i f f e r e n c e  i n  number o f  p a n i c l e s  p l a n t - 1  b e t w e e n  
t h e  s o l e  a n d  i n t e r c r o p  r i c e ,  t h e  c r o p  s h o w e d  p o o r  p a n i c l e  
initiation, and this could be a reason for t11e l~ooi- y i r l d  of' 
the crop. There was no significant difference in the pnniclr 
length between the sole and the intercrop rice. 
> 
There was no significant difference in panicle dry weight 
between the sole rice and the intercrop. This indicates that 
the intercropping pattern and planting ratio did not ciffecl 
the panicle dry weight of the rice. 
The observations on the number of pods pla~~t-' have \w c * r i  
recorded starting from 65 DAS. There was a signific~irit 
difference in the number of pods plant-' between ttlc sole 
soybean and the intercrop. The sole soybear1 had hi ghel. nun~bchr. 
of pods plant-' than the intrrcrol,. Pod dry w c . i g l l t .  of. l l l c l  
sole soybean was higher than that of the intercrop, this could 
be due to the intercropping of the soybean with the rice. 
The sole rice crop intercepted more light than the 
intercrop, and this could be due to the shading effect of the 
intercrop legume on the rice, especially in the early stages 
of growth due to their similar heights, 
The sole soybean had a higher L A 1  than the intercrops in' 
different planting patterns, but more or less similar light 
interception with intercrop soybean in the 3:1 pattern, this 
could be due to compact canopy of the soybean crop, and the 
mutual shading of the leaves. This explains the efficient 
light interception of the 3 : l  planting pattern canopy. In both 
sole and intercrop soybean LA1 fell due to the senescence of 
the leaves after 79 DAS. 
T h e r e  w a s  n o  s i g r i i f  i c a n t  d i f f e r e n c e  iri g ' 1 * , 1 1 1 i  y i ~ 1 ~ 1  
b e t w e e n  s o l e  a n d  i n t e r c r o p  r i c e ,  I n  b o t h  i r ~ t e r c r o p ~ ) i t i g  
s y s t e m s  t h e  y i e l d  of  t h e  i n t e r c r o p p e d  r i c e  as r e d u r e d  by -13- 
46% compared t o  t h e  s o l e  s t a n d  a l t h o u g h  t h e  numher o f  pa r i i c l ( - s  
p e r  p l a n t  were  u n a f f e c t e d .  T h i s  e v i d e n c e  s u g g e s t s  t h a t  t h e  
r e d u c t i o n  i n  t h e  r i c e  y i e l d  o c c u r r e d  d u r i n g  t-he g r a i n  f i l l i n g  
p e r i o d ,  wh ich  rnay be  a c o n s e q u e n c e  o f  t h e  d e l a y e d  sowing o f  
t h e  l egume ,  
The i r i t e r c r o p  p i g e o n p e a  had a p a r t i . a l  LER o f  0 . 9 8  w h i c h  
was t h e  h i g h e s t .  By d e l a y i n g  t h e  sowing of p i g e o n p e a  t h e r e  was 
l e s s  o v e r l a p  i n  t h e  g r o w t h  p e r i o d  o f  t h e  two s p e c i e s  compared 
t o  s i ~ n u l t a n c o ~ l s  sowing o f  b o t h  c r o p s .  
The s t u d y  o f  t h e  r o o t  s y s t e m s  of  r i c e  and pigeon1)c.u show 
t h a t  t h e y  were  a b l e  t o  e x p l o r e  d i f f e r e n t  parts o f  t h e  s o i l  
p r o f i l e  f o r  m o i s t u r e  a n d  n u t r i e n t s ,  T h i s  i s  p a r t i c u l n r l y  
i m p o r t a n t  d u r i n g  t h e  p o s t - r a i n y  s e a s o n  when t h e  t o p  s o i l  had  
d r i e d  o u t  a n d  t h e  p i g e o n p e a  c o n t i n u e d  t o  g r o w  u s i n g  t h e  
r e s i d u a l  s o i l  m o i s t u r e ,  
The s o l e  s o y b e a n  c r o p  e x h i b i t e d  c o n s i d e r a b l e  t o l e r a n c e  t o ,  
l o w  s o i l  a i r  a n d  w a t e r l o g g i n g ,  T h e  s t u d y  s h o w e d  t h a t  t h e  
s o y b e a n  r o o t s  were  m o s t l y  p l a c e d  a t  t h e  u p p e r  10-30 cm d e p t h  
o f  t h e  s o i l .  A t  week 3 3  when t h e  r a i n f a l l  was h i g h  ( 1 3 6 . 2  m l n )  
oxygen  l e v e l  was z e r o  a t  t h e  20 cm s o i l  d e p t h  a n d  w a t e r l o g g i n g  
p r e v a i l e d  a n d  c o n t i n u e d  f o r  5 d a y s ,  b u t  s t i l l  s o y b e a n  c r o p  was 
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STD Rain Evny. T.max T.min RHO7 RH14 Wind Sunshine Sol.I(~td. 
week mm mm c0 c0 X X kphr hrs 2 IlJ/m /U 
-,--------------L------------------------------------------------------------------ 
27 5.8 43.7 31.0 23.3 87.1 58.1 16.7 3.3 15.7 
28 42.8 43.5 31.0 22.2 90.3 55.6 18.0 4.1 15.8 
2 9 23.4 30.7 29.0 21.8 92.3 67.3 15.7 1.2 11.9 
3 0 10.8 42.6 30.1 21.5 91.0 62.4 16.9 6.8 10.6 
3 1 5.7 45.4 32.0 22.9 83.4 49.3 11.7 6.7 20.0 
3 2 77.7 35.2 30.8 22.7 95.0 61.0 8.6 6.1 17.6 
3 3 136.2 21.5 26.5 21.7 94.0 85.3 20.0 1.9 7.6 
3 4 25.0 27.5 28.3 21.9 91.9 71.4 17.4 4.3 13.2 
35 24.2 25.6 28.1 22.0 93.3 69.0 13.6 3.0 15.6 
3 6 26.2 29.2 29-3 22.1 93.3 66.3 11,4 3.1 14.9 
37 7.9 33.6 30.2 22.1 92.7 65.3 7.7 7.2 111.4 
3 8 41.1 36.2 31.0 21.7 92.4 53.6 6.7 8.5 20.1 
39 21.2 27.4 29.5 22.0 95.4 68.9 6.4 5.6 14.7 
40 75.0 21.3 27.6 .40.7 96.1 76.1 10.2 3.9 13.0 
4 1 24.6 21.0 29.3 21.8 94.9 75.7 1 5.2 15.3 
42 0.0 38.2 29.9 16.4 88.1 37.9 4.9 9.8 21-5 
4 3 28.6 31.5 28.5 20.4 94.9 65.9 8.8 5.7 15.9 
44 0.4 32.2 28.7 17.6 92.9 47.3 6.4 8.5 18.4 
4 5 4.8 32.5 29.8 17.6 93.9 42.3 5.4 8.9 17.5 
4 6 5.4 28.8 28.7 18.5 92.6 52.3 6 . 6  7.7 15.7 
47 1.2 22.3 27.1 18.1 94.6 62.9 6.4 5.1 12.3 
4 8 0.0 30.8 29.1 17.7 92.3 47.7 7.3 8.8 17.0 
4 9 0.0 28.7 27.9 17.6 94.9 49.3 8.0 8.2 15.3 
50 0.0 29.0 27.2 14.1 92.6 42.0 6.6 9.3 16.3 
5 1 0.0 27.2 26.9 13.3 91.3 39.0 4.9 8.6 15.1 
52 0.0 33.2 26.9 13.8 93.3 38.6 7.6 8.9 16. S 
1 16.2 26.2 26.4 14.3 87.7 48.6 8.1 7.7 15.4 
2 0.0 28-3 29.2 17.3 95.1 45.6 8.5 7.8 15.5 
3 0.0 33.0 28.4 17.4 94.9 44.9 9.6 8.7 16.6 
4 0,O 35.0 29.9 15.6 92.6 37.1 6.0 9.1 17.1 
5 0.0 42.4 30.5 12.7 79.6 20.9 6.8 10.3 19.5 
6 0.0 42.2 31.2 16.5 85.0 28.9 7.2 9.9 19.2 
7 0.0 47.3 34.0 16.9 68.1 20.6 6.3 9.8 20.3 
8 0.0 57.9 32.5 17.2 79.1 24.3 10.1 10.3 21.5 
9 3.5 53.0 33.3 19.5 87.3 27.4 10.4 9.3 20.5 
.................................................................................. 
* Rainfall and Evaporation data are totals and other data are mean values. 
